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Modeling solar dynamics
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Choudhuri 2013

Chatterjee et al. 2004

Flux transport dynamo
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•model assumptions not 
well constrained!

•requires peculiar choice of 
magnetic diffusion coeff. 
for parity selection!

•merid. flow penetrates into 
tachocline!

•strictly kinematic

Flux transport dynamo: problems

Chatterjee et al. 2004
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Mean field MHD

Mean field ansatz: 

Reynolds equation: 

Heat transport: 

Induction equation:
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Transport coefficients

Correlation tensor:

Electromotive force:

Convective heat flux:

Rotating frame:
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Model vs. observed rotation

Thompson et al. 2003



7Helas VI / SOHO 28 / SPACEINN Conference Göttingen 2014

Results: Sun
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Thermal wind balance

bar

DR

sum

not valid in boundary layers!

Equation of motion:

“thermal wind balance”

Fast rotation:
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Reynolds stress vs. baroclinity

no baroclinic flow no Λ effect
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Dependence on rotation rate?

Barnes et al. 2005
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Dependence on temperature!

Reiners 2006
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1.1 M⊙

Dependence on rotation period

0.3 M⊙

Differential rotation Meridional flow
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DR: model vs. observations
blue line: MF model	

black: pre-Kepler 	

green: Kepler (Reinhold et al. 2013)
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Meridional flow vs. temperature
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Second flow cell?

Prot=50d•slow rotation ➞ second 
flow cell at high latitudes!

•reason: disk-shaped 
rotation pattern
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Slowly rotating Sun
Prot=70d Prot=140d
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Solar tachocline

•thin transition layer!
•rigid rotation below CZ!
•slow core rotation!
•efficient transport of 
angular momentum into 
entire radiative interior!

•internal magnetic field?

Basu & Antia 2003

Thomson et al. 2003
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Magnetic tachocline
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Rüdiger & Kitchatinov 1996

rotation rate toroidal field

t=4.6 Gyr
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Activity-rotation relation

Noyes et al.1984 Wright et al.2011
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Field strength and geometry

Donati 2011
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Conclusions
• mean field model reproduces solar differential 

rotation and surface flow!
• surface DR and meridional flow of lower MS stars!

-  depend more on temperature than rotation period!
- always solar-type rotation!
- always one cell, solar-type meridional flow!

• need better constraints on flux transport dynamo!
• theory for tachocline and radiative zone needed!
• solar stellar connection?


