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Need for hydraulics 
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Near-surface concentration   deeply roted tubes 



Sunspots from downdrafts 
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Move to the 

bottom of CZ 



magnetic buoyancy not a problem 

Stratified dynamo simulation in 1990 

Expected strong buoyancy losses, 

but no:  downward pumping 
Brandenburg et al. (1996) 

down 
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Need for mean-field treatment 

• Sunspot umbra turbulent,  scale separation 

• Dynamos: Laminar picture not possible 

– Would be slow (large Rm) 



Counter-intuitive turbulence 
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Analogy: dynamo  spot 

mean-field modeling 
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Sunspot 

formation 

that sucks 
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Typical 

downflow 

speeds 

Ma=0.2…0.3 

Mean-field 

simulation: 

Neg pressure 

parameterized 

Brandenbur et al (2014) 
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Flux tubes in global simulations 

Nelson, Brown, Brun, 

Miesch, Toomre (2014) 



Synthesis 
• Something else than NEMPI? 

• Need mean-field description 

• Connect with conv. dynamo 

Jabbari et al. (2015) 
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AR & sunspots 
• Rising flux tubes?  

• Hierachical convection? 

• Self-organization as part 

of the dynamo 

• Can we ever distinguish? 

Tao et al (1998) 



Isothermal NEMP convection 

Losada et al. (in prep) 
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Conclusions 
• Downflows  spot formation 

• Mean-field description 

• Predictive model 

• Analogy with dynamo 

• Really NEMPI or 

   yet something else? 


