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Discovery 
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 Rapid  and permanent enhancement of transverse magnetic 
fields near the flaring magnetic polarity inversion line 
associated with flares were discovered two decades ago (Wang 

1992; Wang et al. 1994). 

 Similar trend has continued to 
be observed later on in many 
observations (Wang et al., 2002, 

2004, 2005; Liu et al., 2005; Wang et al., 
2007; Jing et al., 2008; Li et al., 2009; Liu 

et al., 2011), and shows some 
agreement with recent MHD 
modeling (Li et al., 2011). 

(Wang 1992) 



Implosion Model 
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 The coronal magnetic field should contract inward, as the magnetic 
energy decreases after flares/CMEs (Hudson, 2000). 

 Conservation of momentum. 
 
 

(Hudson et al. 2008) 



Magnetic Field Change 
Observed by SDO/HMI 
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 2011 Feb 15 X2.2 flare 

SDO/HMI  
Horizontal  B 
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Wang et al., 2012, ApJ, 745, L17. 



Magnetic Field Change 
Observed by SDO/HMI 
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Wang et al., 2012, ApJ, 745, L17. 

~400G 

less significant  
change of Bz 

Field enhancement between 
HXR sources 



Change of Lorentz Force 
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(Fisher et al., 2012) 

CME 
 
Downward-moving impulse 

Sunspot motion (Anwar 1993) 

Shear flow difference  
before and after flare 
(Beauregard et al., 2011) 

Lorentz force direction 
(Petrie, 2012) 

One spot  
rotational speed 
(Jiang et al., 2012) 

Shear flow decrease  
after flare in AR 10930 
(Tan et al., 2009) 



Sudden Acceleration 
of Spots Rotation 
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DAVE method (Schuck 2006) applied to obtain surface flow. 



Lorentz Force as Driving Force  
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Lorentz Force as Driving Force  
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Acceleration Force 



Vorticity & Curl Lorentz Force 
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The vorticity map is 
consistent with the 
twisted flux tube eruption 
simulation (Fan 2009). 



Vorticity & Curl Lorentz Force 
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The vorticity map is 
consistent with the 
twisted flux tube eruption 
simulation (Fan 2009). 

Fast Rotation 

Force 



Shear Flow Decrease 
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Shear flow definition 
(Tan et al. 2006) 



Shear Flow Decrease 
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Shear flow definition 
(Tan et al. 2006) 

Flow direction  
before flare 

Force direction  
during flare 



Sudden Motion & Force 
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Sudden Motion & Force 
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Force=m*a, Energy=(1/2)*m*v2 
Shear flow mass ~ 1019 g 
sudden shear change  
Kinetic Energy ~ 1028 erg 

Inertia= Torque / angular acceleration 
Spot inertia ~ 1037 g·cm2 

Maximum rotational kinetic energy ~ 1029 erg 
Spot mass ~ 1020 g 

Velocity change ~ 0.4 km/s 
Sudden motion duration  ~ 10 min 

Spot peak speed ~ 30o/hr CW 
Sudden motion duration ~ 10 min 



More Cases 
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 The horizontal field 
enhancement at the 
flaring PIL and rotational 
field change of nearby 
spots are common. 
 

 The shear and rotational 
motions are consistent 
with the field changes.  

Date 
[yymmdd] 

Flare Class 

110213  M6.6 

110215  X2.2 

110906 M5.3 

110906  X2.1 

110907  X1.8 

110925  M7.4 

120307 X1.3 

120307 X5.4 

120309 X1.5 

120510 M5.7 

120712 X1.4 



Statistical Results 
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18 flares with 
horizontal field 
enhancement 
 
co-temporal with 
the flare initiation 
 
co-spatial with the 
PIL between the 
two main flare 
kernels 

Wang et al., 2012, ApJ, 757, L5. 



Statistical Results 
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Wang et al., 2012, ApJ, 757, L5. 

C       M       X 

Larger flares 
Larger change of integrated Bh 

Larger change of 
Lorentz force 

Larger flares 
Larger size of impact area 

The average field strength 
change is ~ 300 Gauss 

18 flares with 
horizontal field 
enhancement 
 
co-temporal with 
the flare initiation 
 
co-spatial with the 
PIL between the 
two main flare 
kernels 



CME Mass Estimation 
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 Momentum conservation 

Wang et al., 2012, ApJ, 757, L5. 

(Fisher et al., 2012) 



Summary 
21 

 Rapid and permanent horizontal magnetic field 
change in the photosphere during flares 
• Enhancement around flaring magnetic polarity inversion line confirmed 

with SDO/HMI data 
• Accompanied with magnetic field rotational changes in major flares 
• Observed down to C4 class flares 
• Correlations between the peak GOES X-ray flux and the size of the affected 

area / integrated field change / Lorentz force change 

 Sudden motions in the photosphere during flares 
• Shear flows along PILs sharply decrease 
• Sudden rotation of spots 

 Lorentz force change implied by magnetic field change 
is the driving force of these sudden motions. 
• CME mass estimation 
• Estimation of shear flow mass/energy, spot mass/inertia/rotational energy   


