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The line-of-sight magnetic field of the average emerging 
active region (with the southern hemisphere active regions 
converted their northern hemisphere equivalent. Schunker et al. 
2016

By tracking the position of the polarities in each active region as 
a function of time we can examine their motion as a function of 
time throughout the emergence process. We find that, on 
average, active regions emerge East-West aligned, before they 
begin to develop a tilt angle. This is in contradiction to the 
traditional thin-flux tube theory. We have defined two phases of 
emergence:  initially  the separation speed of the polarities is 
increasing, before steadily decreasing over about two days until 
the separation ceases. Schunker et al. 2019; 2020

Although it has been suggested that the leading 
polarity moves faster in the pro-grade direction than 
the following polarity in the retrograde direction, we 
find that on average the speed of the polarities in 
the prograde direction over the first day after 
emergence is asymmetric about the local plasma 
rotation rate. The speed relative to the local plasma 
rotation rate is on the order of the convective 
velocities. Schunker et al. 2016

Surface flows of the one observed active region, and the surface flows from 3D MHD MURaM 
simulations of a flux tube rising at 70m/s and at 500m/s. We find that the observed surface 
velocities of the active regions exclude a fast rising active region as predicted by thin flux tube 
theory. The rise speed of a flux tube with 70 m/s, which is on the order of the convective velocities, 
better represents the observations.  Birch et al. Science Advances, 2016
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Our goal is to constrain the physics behind the 
emergence of active regions. We have created a 
catalogue of 185 emerging active regions observed by 
SDO/HMI. Schunker et al. 2016

From our statistical analyses of the average 
properties of active regions as they emerge, it is 
becoming increasingly evident that convection 
on supergranulation scales is an important part 
of the process, in contradiction to thin flux-tube 
theory. 
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Schunker et al. 2016, A&A, 595, 107 
Schunker et al. 2019, A&A, 625, 53 
Birch et al. 2019, A&A, 628, 37 
Schunker et al. 2020, A&A, 640, 116

Average surface f lows 13 hours before 
emergence. Active regions prefer to emerge at 
the prograde end of an East-West aligned lane of 
converging flow, suggesting a connection to the 
super granulation pattern Birch et al. 2019

Diverging flows 
Converging flows


