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Convective Flows

" Turbulent Convection

Large T gradient in the Convection Zone

Plasma Rises and Falls (like boiling water)
Magnetic Elements (B) are transported to the
boundaries of the convective structures

B becomes concentrated in the downdrafts as
small B.. field.

B.. is then transported like passive scalars (corks)
by the flows.

Horizontal Velocities at the surface ~300-500 m/s
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Sunspot Groups

ving the number of sunspots in the early 1800s, Sa
vas the first astronomer to observe that appearance
As new features of the Sun were discovered, it was fou

d along with sunspot activity. For this reason, sunsp

ly accepted as a measure of the solar activity cycle.

Schwabe’s data for 1826 to 1843

Spotless Days



e Sun is periodic with the average cycle lasti
nspot Number of ~100.
1spots appear in two bands on either side of the equata
oands drift toward the equator as the cycle progresse
generally overlap by 2-3 years.
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Babcock (1961) created a phenc
model to help explain the sunspot cycle

a) Solar Minima. A relatively weak axisymme
(poloidal) field exists. Field lines emerge at 4

b) Differential Rotation shears the submerged
magnetic field in toroidal direction. The field
strengthened by this shearing.

c) The toroidal field become buoyant and cause
sunspots to emerge with Joy’s Tilt and Hale”
Polarity. (Polarity of leading spots matches
polarity of the initial polar field.)

Magnetic flux is shredded off of the sur
spread out by the convective motic
oolarity fields cancel across tr







Irface Flux Transport describes the later half c
del — i.e. the conversion of the toroidal field |
Jal field . This part of the dynamo is well

A

» Observed Surface > Flux Maps of

entire Sun

Flows : » Butterfly diagrams
» Observed Magnetic > Polar Field Plots

Field » AR evolution




Flux Transport in Action

Looping video showing 4 days of HMI observations
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@ Geomagnetic aa Index
O (s Polar Field x 3.7

ds at solar ® Axial Dipole x 5.3

s a predictor of

Maximum Sunspot Area (ihem)




Dynamo Models

~What happens INSIDE the Sun??

What is the rotation rate?

What is the meridional flow?

What does convection look like?

Are Active Regions rooted at the tachocline or do
they break off?

Can turbulent pumping keep the field from rising
too fast?

How do all of the effects work together?

Are we missing something?




