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Solar Flares 

•  A sudden eruption of energy in the solar atmosphere lasting minutes to 
hours, from which radiation and particles are emitted. 

Source:NASA 



Big Flares: 
How Big is Big? 

•  Peak Bust Intensity (I), 0.1 to 0.8 nm flux (W m-2): 

–  B      I < 10-6 

–  C      10-6 <= I < 10-5 

–  M     10-5 <= I < 10-4 

–  X     I>=  10-4 

  A multiplicative factor is appended to the end of the class (e.g. M8 = 
8 x 10-5 W m-2) 
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The Goal 
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•  Understand formation of the biggest flare from magnetic field 
data by studying emergence of new magnetic flux before the 
Flare  



Motivation 
Why do we care? 
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•  Solar Flares and Coronal Mass ejections (CMEs) are one of the most 
explosive events in the solar system. 

•  Main drivers of Space Weather  
•  Modern society is dependent on technologies that can be vulnerable 

to space weather. 



NOAA Scale 
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Data 
•  Solar Dynamics Observatory (SDO) 

•  HMI (Helioseismic and Magnetic Imager) 

•   Geostationary Operational Environmental Satellites 

(GOES) 

•  X-Ray Imager 



September, 2011 
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HMI 

Measure Here 

•  HMI measures magnetic fields by 
sampling the Zeeman split line in four 
polarizations at six wavelengths across 
a spectral line.  

•  Gives the Line-of-Sight Magnetic Flux 

Source:www.hmi.stanford.edu 



Method 
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Magnetic Range of Influence  

(MROI) 
•   Reflects the radial distance required to balance the magnetic 

field  

•  Small values represent locally “closed” regions 

•  Large values values represent unbalanced and “open” regions 



Method 
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G-nodes 



G-nodes? 
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•  Regions of about 150-250 Mm 
MROI scale 

•  G-gnodes  represent the 
magnetic elements of a very 
large (and potentially deep) 
scale of magneto-convection 

•  Related to the Solar cycle and 
Coronal Holes. Here we 
investigate their relation to 
Solar Flares. 



Tracking the G-nodes 
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•  Active Region: 
–  3 major flares (M53, X21, X18) 
–  Radius 300” at (280”, 150”)  

•  76 hours (30 min steps) 
–  46 hours before X21 Flare 

•  3 test regions: 
–  NE (-250”,400) 
–  SW (250,-400) 
–  SE (-250,-400) 



The Process 

A.  HMI 
B.  MROI 
C.  G-nodes 
D.  Active Region 
E.  Test Regions 
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Results 
•  No apparent significant correlation between G-nodes 

count and Flare events. Flare Region: (280”, 150”)  
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Magnetic Field 

•  Do the same tracking 
but with HMI data 



Magnetic Field as a possible 
indicator? 

•  Flux imbalance of the active region  as a function of time. 
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Possible Future Work 

•  More data: 
–  Extend the observation period 
–  Decrease the time steps 

•  More Examples: 
–  15+ X-Class Solar Flares since SDO launch (4 in 

May 2013) 
•  MROI: 

–  Change background subtraction for MROI 
•  Full vector field: 

–  Look also at the behavior of horizontal field  
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Discussion and Conclusions 

•  The signature of the emergence of new magnetic flux 
which we think is a vital component of the biggest flares 
was harder to detect than expected and more work is 
needed to understand the formation of these energetic 
events.  

•  Flux imbalance of the active region  as a function of time 

•  It is hoped that this study sets the stage for further 
research into the formation and development of these 
powerful events 
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