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Flux transport dynamo
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Flux transport dynamo: problems

*model assumptions not
well constrained
‘requires peculiar choice of
magnetic diffusion coeff.
for parity selection ,
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¢ merld . ﬂOW penetrates |nto Fig. 4. Plots of n,(r)(solid) and n,(r) (dashed) as given by Egs. (12)

and (13) as functions of the fractional radial distance (r/R5).

taChOCI | ne The y-axis is in units of cm? s~
ostrictly kinematic Chatterjee et al. 2004 \\‘
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Mean field MHD

Mean field ansatz: w=1u4+u B =B+ B’
. ou ,_ _ -

Reynolds equation: p [7 + (@ - V)u] = -V . pQ — VP + pg

ot

d$ conv rad
Heat transport: pTOt +pTu-Vs= -V (F+ F"%) 4 ¢

. . OB S _

Induction equation: Frie Vx(uxB-—-nVxB+¢&)
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Transport coefficients

Correlation tensor: Qi = uju;

~ Oduy
Rotating frame: Q,-j = —A-",-jkl 81A
by

*'"\'z'. Tk Q[

Convective heat flux:  F°™ = pep(u;T") = —pT'x:;V ;5

Electromotive force: E = u x B’
~ aB -1V x B
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Model vs. observed rotation
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Results: Sun
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Thermal wind balance

1 . 002 1
Equation of motion: — |V x=V(pQ)| +rsinf——+ —(VpxVP), =0
p & 32 p
1 g 0s

Drivers of meridional flow

2 —
Fast rotation: rsin(?ai _ 9 05 ~

0z rc,00

0

“thermal wind balance”

not valid in boundary layers!
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Reynolds stress vs. baroclinity
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Dependence on rotation rate?
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Dependence on temperature!
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Dependence on rotation period

Differential rotation Meridional flow
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DR: model vs. observations
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Meridional flow vs. temperature
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Second flow cell?

*slow rotation — second
flow cell at high latitudes
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Slowly rotating Sun

Prot=70d
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Solar tachocline
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1 FiG. 6.—Locati f the tachocline inside the Sun. The shaded area is
a. n g u I a r m O m e n t u m I nto the tlzichoclinf;:";t;:): }(l)alf-\:id‘:; (:;}21'2;:!};;]0&(13:‘1“111 Tinc sl‘;osw: t;e t:::: (l)}
. . . . . the convection zone at r = 0.713 R, (Christensen-Dalsgaard, Gough, &

e ntl re rad | atlve | nte rior Thompson 1991; Basu & Antia 1997).

internal magnetic field?

e ————————————
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Magnetic tachocline

5.40 Gyr

initial poloidal field .
P rotation rate

Rudiger & Kitchatinov 1996
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Activity-rotation relation
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Field strength and geometry
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Figure 1. Basic properties of the large-scale magnetic topologies of cool stars, as a function of
stellar mass and rotation rate. Symbol size indicates relative magnetic energy densities e, symbol
colour illustrates field configurations (blue and red for purely toroidal and purely poloidal fields
respectively) while symbol shape depicts the degree of axisymmetry of the poloidal field com-
ponent (decagon and stars for purely axisymmetric and purely non-axisymmetric poloidal fields
respectively). The full, dashed and dash-dot lines respectively trace where the Rossby number
Ro equals 1, 0.1 and 0.01. The smallest and largest symbols correspond to mean large-scale field
strengths of 3 G and 1.5 kG respectively (updated from Donati & Landstreet 2009).
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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?
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