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Abstract

There are different mechanisms affecting the formation of sunspot groups e.g. buoyancy on the
emerging flux ropes, drag force, tension, etc. To check the roles of these theoretical mechanisms
one needs to study the evolutionary phases of sunspots and sunspot groups on a large statistical
sample. Our study is based on the SOHO/MDI – Debrecen Data (SDD). Its high-temporal
resolution allows to study the emergence and decay of the sunspot groups in detail. We
investigate the distance and the growth/decay rates as well as the asymmetry between the
compactness of the different polarity parts of active regions in time.
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Sunspot group development

Distance of the leading-following parts
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Sunspot group development

Longitudinal shifts of sunspot groups
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All groups - forward motion
(leading part)

Smaller groups - remain very
close to their first positions

Medium sized groups - mainly
forward motion, foll. parts move
backward

Larger groups - forward motion,
foll. parts move backward



Sunspot group development

Longitudinal shifts of sunspot groups
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(Muraközy, Baranyi, Ludmány: 2014, SolPhys., 289, 563-577)

The forward motion of the leading parts is relatively high.
The following parts remain in their first appearance or shift backward.
The forward motion caused by the high forward shift of the leading part.



Sunspot group development

Asymmetric compactness - sunspot number and area
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AISN =
SNL − SNF

SNL + SNF

more following spots - more leading spots

higher leading area

higher following area

The most crowded panel: less leading spots with higher area and more following ones with
smaller area.



Sunspot group development

Time profiles of sunspot group development
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f (t) = H · exp(−
(t − tM)2

D(1 + A(t − tM))
)asymmetric Gaussian-function:

The slopes of the fitted lines mean the growth rate of the different parts.



Sunspot group development

Growth rate
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The growth rate has a linear dependence on the area.
The leading parts grow faster than the following ones.
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Sunspot group decay

Decay rates of sunspot groups and their shifts during the decay
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Similar decay rates of the
leading and following
parts.
During the decay the
leading parts move
backward and the
following parts shift
forward more or less.
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Emerging - shifts
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The following part
emerging with higher
angle while the leading
part follows it with
smaller angle.
The leading part shifts
forward, while the
following one remains
close to the first
position.

(Caligari et al.: 1995, ApJ., 441, 886)
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Asymmetry
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(Fan et al.: 1993, ApJ., 405, 390)

The Coriolis force makes a retrograde plasma current in the
emerging flux tube, thus the plasma density decreases while the
magnetic flux density increases in the leading part.
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Summary, conclusions
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The schedule of emerging is:
The distance of the leading-following parts depends on the
sunspot group area.
The leading part consists of less but larger sunspots than the
following one.
The following part remains at its first appearance, while the
leading part shifts forward depending on the whole area.
The growth rate depends on the maximal area of the sunspot
group.
The leading part is growing faster.
The following part reaches later its maximum state.

The schedule of decay is:
The decay rates of the two different parts are similar.
The leading part shifts more backward during the decay, while the
following part remains close to its first position or moves forward.
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Thank you for your attention!


