
Key features of emerging field lines 
(Evolutionary characteristics)

Ω-part of outer field line continuously 
expands.

axis field line shows quasi-static evolution.

Height-time relation of outer & inner (axis) field lines:

quasi-static

U-part of outer field line does not emerge.

U-part

Ω-part 



Key features of emerging field lines 
(Shape characteristics)
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Outer field line... short footpoint distance 

aspect ratio h/d: large
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Inner field line... long footpoint distance

aspect ratio h/d: small
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large aspect ratio h/d

plasma drains fast
Outer field line
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Inner field line

Continuous expansion

Slow evolution with dip formation

plasma drains slowly

Relation between the evolution and shape of emerging field line

small aspect ratio h/d



Evolution of magnetic structure and flows produced by emerging twisted flux tube

3D view of magnetic structure (black lines) & flows (white arrows)

Top view (magnetic polarity regions & flow patterns at a solar surface)

shear flow
(strong) shear (weak) & 

rotational flow

Side view (cross section)

white line... axis field line

blue... outer field
red... inner field

white... axis field line

diverging flow

Early state Developing state Developed state



Structurization in the emerging twisted flux tube (developed state):

    expanding shearless arcade (outer part) + quasi-static sheared arcade (inner part)

Shearless arcade (outer field lines)
continuously expanding, curved shape

Sheared arcade/flux rope (inner field lines)
quasi-static, relatively flat shape

helmet streamer

prominence
filament

sigmoid



Toward eruption phase... 
    Dynamic state transition of inner field lines 

Outer field lines... continuous expansion

Inner field lines... quasi-static evolution

Dynamic state transition

eruption






