
Generating Buoyant 
Magnetic Loops in 

Solar-like Dynamos
Nicholas Nelson
Los Alamos National 
Laboratory

1Tuesday, January 21, 14



University of Colorado
Juri Toomre

Regner Trampedach
Nicholas Featherstone High Altitude Observatory

Mark Miesch
Kyle Augustson

UC-Santa Barbara
Benjamin Brown

CEA-Saclay
Sacha Brun
Rui Pinto

University of Exeter
Matthew Browning

Sean Matt

And more...

University of Montreal
Antoine Strugarek

University of Toulouse
Laurene Jouve

The ASH Mob

2Tuesday, January 21, 14



September 22-27, 2011

SDO X-ray

3Tuesday, January 21, 14



September 22-27, 2011

SDO X-ray

3Tuesday, January 21, 14



The Solar Dynamo
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The Solar Dynamo
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The Solar Dynamo

Convective 
Dynamo Models
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The Solar Dynamo

Convective 
Dynamo Models

Flux Emergence Models
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Modeling with ASH
vr0.96 R☉

90 m/s

-110 m/s

• Rotating MHD convection in 
full spherical shells

• Large-eddy simulation with 
subgrid-scale model

• Simplified physics
• Simulations cover 0.72 to 

0.97 R☉ (no tachocline or 
near-surface shear layer)
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Modeling with ASH

Brown, Brun, Miesch, & Toomre 2010

Dynamos at 3Ω☉
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Buoyant Magnetic Loops

0.96 R☉

0.72 R☉

Loop 1Loop 2
Loop 3
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Buoyant Magnetic Loops
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Buoyant Magnetic Loops
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Buoyant Magnetic Loops
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Buoyant Magnetic Loops

Large-scale 
Toroidal Shear

Poloidal shear

Small-scale 
Toroidal Shear

Advection

Diffusion

Compression
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Convective dynamo simulations of buoyant 
magnetic loops are showing that:

• Convection plays a key role in the flux emergence 
process, possibly setting the size of active regions

• Statistical trends such as Hale’s Polarity Law, 
Joy’s Law, etc. can be established in the deep 
interior

• Emergent flux can be largely generated by rapid, 
small-scale turbulent processes

Conclusion
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Buoyant Magnetic Loops

Vr
100 m/s -100 m/s

Loop #3
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