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        Correlation analysis for the 24 hours leading up to the flare SOL2011-02-13T17:28M6.6. The normalized event epochs of the unsigned helicity of the current-carrying field (|HJ|) and the free magnetic energy (EF) are shown in the vertically and horizontally oriented line profile, respectively. The accumulated cost matrix is shown color-coded. The white dotted line represents the optimal (warping) path.
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        Overall long-term preflare time evolution of selected coronal quantities deduced from superposed epoch analysis. Median values were computed separately for the subsets of confined (blue) and eruptive (red) flares. Covered is the time period from −48 hours to +6 hours around the flare start time (black dotted line at time tstart = 0). The 24 hours used for selection of qualified events is marked by the gray-shaded area. Numbers in brackets indicate the ratio of confined to eruptive flares within the tested sample. Left column: Superposed epoch data of (a) the total unsigned flux (ϕm), (b) total magnetic energy (E), (d) total unsigned magnetic helicity (|HV|), (f) free energy (EF), and (h) unsigned helicity of the current-carrying field (|HJ|). Right column: Superposed epoch data of the (c) free-to-potential magnetic energy ratio (EF/E0), (e) helicity ratio (|HJ|/|HV|), (g) flux-normalized total helicity ([image: equation]), and (i) flux-normalized helicity of the current-carrying field ([image: equation]). Horizontal black dotted lines indicate respective critical values. The red and blue diagonally shaded regimes are bound by the upper and lower quartiles of the respective distributions.
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        Cumulative cost of pairs of variables (Ccum; shown as bullets), computed for the normalized preflare time profiles during the 24 hours leading to the flares of sample S​SEA (flare ID is shown along of the x-axis and associated to specific flare events in the last column of Table A.1). The size of the plot symbols (bullets) relate to the inverse of Ccum, i.e., larger symbols indicate a larger similarity of two time profiles. Respective mean values, ⟨Ccum⟩, computed across all flares of a certain type are given to the right of the figure. Red and blue color indicate eruptive and confined flares, respectively.

      

    

  
    
      Fig. 10. 
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        Preflare values of selected photospheric and coronal measures for 48 flares of sample S​major. (a) Helicity of the current-carrying field vs. mean characteristic twist parameter, αtotal and (b) near-PIL magnetic flux measure, log(R), value vs. the total helicity, HV for the flares of sample S​major. (c) Flux-R vs. log ϕm, and (d) helicity ratio, |HJ|/|HV|, vs. flux-normalized flux-R ([image: equation]) (events with log(R) < 1 are excluded). Numbers in brackets indicate the ratio of confined to eruptive flares within the tested sample. Blue and red color indicates confined and eruptive flare type, respectively. X-class and M-class flares are shown as stars and circles, respectively.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Histograms of mean relative flare-related changes to the (a) free magnetic energy (ηEF) and (b) total helicity (ηHV) for the sample S​major. Numbers in brackets indicate the ratio of confined to eruptive flares within the tested sample. Flares for which a helicity reversal is detected are excluded. Blue and red color indicates confined and eruptive flare type, respectively.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        GOES 1−8 Å peak flux (FSXR) as function of the mean flare-related changes of the (a) free magnetic energy and (b) total helicity, for 220 flares of sample S​M1+. The horizontal dashed lines indicate a SXR flux of 5 × 10−5 W m−2, i.e., GOES class M5. Numbers in brackets indicate the ratio of confined to eruptive flares within the tested sample. Flares for which a helicity reversal is detected were excluded. Blue and red color indicates confined and eruptive flare type, respectively. X-class and M-class flares are shown as stars and circles, respectively.

      

    

  
    
      Fig. 13. 
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        Average time evolution of selected quantities computed from the normalized (with respect to the respective preflare maximum values) superposed epoch data of event sample S​X1+ (only X-class flares; left column) and for large M-class flares (GOES class M5 to M9; right column), separately for the subsets of confined (blue) and eruptive (red) flares. Numbers in brackets indicate the ratio of confined to eruptive flares within the tested sample. Covered is the time period from −6 hours to +12 hours around the flare start time (black dotted vertical line). The major-flare-less postflare time period of 12 hours used for selection of qualified events is marked by the gray-shaded area. From top to bottom in the each column the mean and median values of the total magnetic energy (E; panels (a) and (b)), total unsigned magnetic helicity (|HV|; panels (c) and (d)), free energy (EF; panels (e) and (f)), and unsigned helicity of the current-carrying field (|HJ|; panels (g) and (h)) are shown for X-class flares and large M-class flares, respectively. Dashed lines represent mean values. Solid lines connecting symbols represent median values. The shaded regimes are bound by the upper and lower quartiles of the respective distributions. Horizontal lines indicate a characteristic preflare level.
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