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Flux transport dynamo

differential rotation

X effect (helicity)
diffusion

meridional flow acts as
conveyor belt

cycle time determined by flow
speed!

Image: NASA
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Solar differential rotation: helioseismology
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Fig. 2: a) Radial flow speed U, at the equator and /) horizontal
flow speed V> at mid-latitude with 1o-error bars as a function of
r/R for the s = 2 component of the meridional flow estimated
from data from MDI. Positive values of U2(V2) indicate an out-
ward (southward) directed flow.
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Mean field hydrodynamics

Mean field ansatz: u=1u-+u T=T+T'
, ou B . |
Reynolds equation:  p {W +{(B V)U} ==V 2 pldi— V& =+ pg

Heat transport equation: V- (F°™ + F™) 4 pTw - V5 = 0
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Solar differential rotation: observed vs.

model

475
l 450 nHz 450
425 425
N 100 {400
X , 375 H 37D

J \\\ { —; |
\‘ j\ 350 350
// \‘ 325 325
1 /s 1" 300 300

SOHO/MDI
Thompson et al. (2003) Model

Differential Rotation and Magnetism across the HR Diagram Stockholm 2013



Meridional flow: mean field model
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Temperature deviation (K)

Deviation from adiabatic stratification
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Thermal wind balance
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Equation of motion: — [V X —V(pQ)] +rsinf——+ —(Vpx VP); =0
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Fast rotation: rsinf—— — 2 ~ 0 not valid in boundary layers!
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Reynolds stress vs. baroclinic flow
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Rapidly rotating Sun
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CoRo1-2a

young solar twin (0.5 Gyr)

rotation period: 4.5d

spot modeling (Frohlich et al.
2009):
— solar-type DR

— 00=0.11 rad/day pE

theory:

— solar-type DR
— 00=0.09 rad/day

— solar-type flow
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Shallow convection zone
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M dwarf (0.3 sol. masses)
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Stellar Differential Rotation:
Dependence on rotation!?
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Stellar Differential Rotation:
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Surface differential rotation [rad/d]

DR: dependence on temperature
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Meridional flow: temperature dependence
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Conclusions

mean field model reproduces solar differential rotation and surface
meridional flow

always solar-type DR and meridional flow for MS stars

surface DR and meridional flow of lower MS stars depend more on
temperature than rotation period

stagnation point of MF close to the bottom of CZ
return flow not slow

main sources of DR: Reynolds stress and baroclinic flow
thermal wind balance does not hold near boundaries
meridional flow in rapidly rotating convection zones is
—driven by shear in boundary layers

— concentrated in boundary layers

— fast
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