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- Dynamo action in solar/stellar convection envelopes

« Solar-stellar connection




The Sun: the closest magnetic star
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Magnetic Field Generation & Dynamo

- Simple 2-D mean field dynamo models
- Nonlinear 3-D dynamo models



Simpler 2D Mean Field models: Babcock-Leighton

Present standard model: 1 cell per hemisphere
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Simpler 2D Mean Field models: Babcock-Leighton

2 cells in radius per hemisphere
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3-D Nonlinear Convective Dynamo
(adding B seed field and letting it grow)

Dr. A.S. Brun
www. sfars2. ey

see also Browning et al. 2006, Brown et al. 2011, Racine et al. 2011, Kapyla et al 2013



Dynamo Action in Whole Sun Models
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Solar-Stellar connection

- Convection
- Differential Rotation & Meridional Circulation
- Dynamo and cycles — Spot-dynamo
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Trends in Differential Rotation with Q & Mass (Teff)

Weak trend with Q AQ increases with M.
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Our G & K star Models
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Rotation (2¢)

DoCao, Brun et al. 2011, 2013
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Differential Rotation
In G & K stars
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Recovering Scaling Law for AQ & Meridional Flows

Smaller AQ2 with smaller Mass,

Larger AL2 with faster rotation Weaker flow for faster rotating stars
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Solar Type Stars (late F, G and early K-type)
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More coming in Asteroseismology Era




Few Points We Must Address

Source of variability (chaos, intermittency,...)
Can we reproduce the trend P, . ~ P " (n
~1+/-0.2)

Can we reproduce the increase of the toroidal
vs poloidal component

Which « solar model» is best to explain stellar
data”
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Strong dependancy on meridional flow amplitude



Cycle Period

Testing Babcock-Leighton Models with Stellar Magnetism Data
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Testing Babcock-Leighton Models with Stellar Magnetism Data

Stream function Latitudinal velocity
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Another Option to make cycle faster:
Turbulent Pumping
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3-D stellar dynamo models:
Decreasing Magnetic Diffusion yields Cyclic Activity

Butterfly diagrams (time-latitude plots of Bphi)

More diffusive case
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Latest solar-like case D3: getting cycle and equatorward branch
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Reducing nu even further by using SLD scheme makes the simulation develop a more
regular cyclic behavior

Augustson, Brun et al. 2013, ApJL, submitted



Latest solar-like case DS3:
Getting Maunder like minimun
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Quadrupole dominates over
Dipole during reversal and
Grand minimum phase as in

the Sun and Earth
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Wreaths can generate Buoyant Loops
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Towards getting first “spot-dynamos”...
Brun et al. 2013, Space Sci. Rev., in press
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Conclusions
=> Standard Babcock-Leigthon dynamo models are in difficulty!

both due to multi-cellular flows structure and with stellar data,
pumping, higher diffusion, different flow required

= Magnetic field B reduces or can even supress diff rot Q

=> Self consitent buoyant loops generation possible,
may vield first « Spot-Dynamo »






GHIZARU, CHARBONNEAU, & SMOLARKIEWICZ

Getting Cycle
in similar Models

Ghizaru et al. 2010

latitude [deg]

Model has been run
for several centuries

30 yr period

Magnetic flux density [T]

Turbulent pumping and
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See also Masada et al. 2013



