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        Ellerman bombs in the sunspot penumbra and around the sunspot in the moat observed on 07 August 2020. The colored squares in the overview Hε line core image (left) are centered on EB examples that are shown at higher magnification in the Hβ wing in the center. The blue and purple line profiles in the spectral plots (right) show the two EBs outside the sunspot. The red and green profiles are PEBs in the penumbra.

      

    

  
    
      Fig. 5. 
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        Statistical properties of QSEBs detected in the 24 min time series on 16 August 2020. The total number of Hβ QSEBs is 961, and the number of Hε QSEBs is 1674. The filled black histograms in panels (a)–(c) and (g)–(i) represent the maximum area, lifetime, and maximum brightness distributions, respectively. The vertical red line marks the lower limit set by the sampling: 0.0008 mm2 (one pixel) in area (panels (a) and (g)) and 18 s in lifetime (panels (b) and (h)). In panels (d)–(f) and (j)–(l), multivariate JPDFs and scatter plots between the maximum area, lifetime, and maximum brightness are shown. The dark blue shade of the JPDFs indicates where the highest density occurs, and the lighter orange shaded regions represent the low-density distribution.
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        Comparison of the statistical properties measured in Hβ between QSEB events detected in the Hβ and Hε lines and those that are only found in the Hβ line. The total number of QSEBs detected in both Hε and Hβ is 561. The total number of QSEBs detected in Hβ alone is 400.

      

    

  
    
      Fig. 10. 
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        Impact of the seeing quality on the number of QSEB detections. The top two panels show the Fried parameter r0 as a function of time (indicated as the scan number in the 24 min time series, which started at 90). The top panel shows r0 values that are a measure of the ground-layer seeing alone. The middle panel shows r0 values that measure the seeing over the whole atmosphere. The Hβ and Hε lines were recorded sequentially, so there are two separate curves for the two spectral lines. The solid curves show the average r0 values during the scan, and the shaded area shows the range of r0 values during the spectral scan. The bottom panel shows the number of QSEB detections per scan differentiated by QSEBs detected in Hβ alone, in Hε alone, or in both Hβ and Hε. The black curve shows the total number of QSEB detections as the sum of these three curves.

      

    

  
    
      Fig. A.1. 
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        Fifteen RPs from the k-means clustering of the Hβ line that are identified as a signature of QSEB. The black lines show RPs, and shaded colored areas represent the density distribution of Hβ spectra within a cluster. Darker shades indicate a higher density. Within a particular cluster, the Hβ profile that is farthest (measured in Euclidean distance) from the corresponding RPs is shown by the dotted black line. As reference, the average quiet-Sun profile (gray line) is plotted in each panel. RPs 0–9 (blue) show the typical EB-like Hβ profiles, i.e., significantly enhanced wings and an unaffected line core, while RPs 10–12 (green) display weak enhancement in the wings. RPs 13 and 14 (red) show intensity enhancement in the line core. The differentiation into three groups of QSEB clusters is similar as in Paper II. The parameter n represents the number of spectral profiles in a cluster as the percentage of the total of ∼1.7 × 109 spectra.

      

    

  
    
      Fig. A.2. 
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        Twenty-five RPs (solid black lines) from the k-means clustering of the Hε line that are identified as a signature of QSEB. The k-means clustering was performed for 13 line positions around the Hε nominal line core. The shaded colored areas represent the density distribution of Hε spectra within a cluster. The dotted black line shows the Hε profile that is farthest (measured in Euclidean distance) from the corresponding RP within a particular cluster. The average quiet-Sun profile (gray line) is plotted in each panel as reference. The parameter n represents the number of spectral profiles in a cluster as the percentage of the total of ∼1.7 × 109 spectra.

      

    

  
    
      Fig. A.3. 
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        Connecting Hβ and Hε QSEB detections in time. Four different cases are shown, and the duration of a QSEB detection is illustrated with colored bars. The spatial connection is not illustrated, but we assumed that the Hβ and Hε detections are spatially connected. The cases in panel (a) and (b) overlap temporally and are therefore clearly temporally connected. The cases in panels (c) and (d) have a time gap between the detections and need to satisfy a temporal condition in order to be considered a connected event.
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