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        Running difference EUV images of the CME and the shock wave from two of the three viewpoints utilised in this study. The left panels are images from STEREO-A and the right panels from STEREO-B. The shape of the triangulated shock-wave using a 3D ellipsoid model is shown in orange, for t = 07:11 UTC (top panels) and t = 07:16 UTC (bottom panels).

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Location on the solar surface of the various elements involved in the 11 October 2013 event. First panel: Representation of the solar magnetogram of Carrington rotation 2143, for a MHD cube. The colour is given according to the magnetic field value from the cubes. The green dot indicates the location of the flare, whereas the pink dot indicates the projected position of the shock ‘nose’ at its first reconstruction. The yellow square indicates the location with uncertainties of a flare occurring at 03:35 ± 00:05am which could have influenced the SEP event received by STA. The red and blue dots represents respectively the STA and STB footpoints obtained for MHD cubes (see text for more information). Second panel: Image in EUVI 195 from STEREO-B, at 03:51:17 UTC (left) and integrated through 03:00 UTC and 04:00 UTC (right). The purple ellipsoid indicates the zone of the flare occurring at 03:35 ± 00:05 UTC, corresponding to the yellow square in first panel.
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        Velocity dispersion analysis (VDA) for the 11 October 2013 event. For each panel, observational time is in HH:MM format as a function of 1/β, the plasma parameter (see text for more details). Panel (a): VDA for STEREO-A. Panel (b): VDA for STEREO-B. The blue points correspond to electrons and the green points to protons. Only the filled circles are included in the fit (dashed red line).

      

    

  
    
      Fig. 10. 
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        Spearman’s correlation coefficient (SCC) between Alfvénic Mach number (MA) and particle time series (Ie for electron intensity and Ip for proton intensity) as a function of the particle energy. Panel (a): SCC between log(Ie) and log(MA) as a function of electron energy for STA (red) and STB (blue). Panel (b): SCC between log(Ip) and log(MA) as a function of proton energy for STA (red) and STB (blue). The errorbars are defined by the range of SCC values obtained for the 100 magnetic field lines created using MHD cubes (for more details, see text).

      

    

  
    
      Fig. 11. 
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        Ions intensities and ratios as a function of time. Panel (a): Iron and oxygen intensity (IFe in triangles and IO in stars) as a function of time, in red from the STA/LET instrument and in blue from the STB/LET instrument. Intensities are time-shifted according to the VDA. Panel (b): Iron-to-oxygen ratio (IFe/O) as a function of time, in red for STA and in blue for STB, time-shifted according to the VDA. Panel (c): 2.8–4 MeV electron/60–100 MeV proton ratio as a function of time, time-shifted according to the VDA (before calculation of the ratio), in red for STA and in blue for STB.

      

    

  
    
      Fig. 12. 
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        Ie/p (left axis) and θBN [deg] (right axis) as a function of time, for STA (red, panel a) and STB (blue, panel b), time-shifted according to VDA and light travel time.

      

    

  
    
      Fig. 13. 
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        SEP intensity-to-shock parameter ratio for STA as a function of STB. Panel (a): Ie/p-to-VHT ratio for STA as a function of Ie/p-to-VHT ratio for STB. Ie/p is the ratio of electron intensity (Ie) to proton intensity (Ip). The energy band for electrons is fixed to 2.7–4 MeV and the energy band for protons is 13.6–15.1 MeV (crosses), 20.8–23.8 (triangles), 29.5–33.4 MeV (stars), 40–60 MeV (circles), and 60–100 MeV (plus signs). Ie and Ip are time-shifted according to the VDA before calculation of their ratio. Panel (b): Ip-to-MA ratio for STA as a function of Ip-to-MA ratio for STB. The proton intensities are the same as described in panel (a). In both panels the black line represents the case where these two ratios are equal. The colours are given according to the time in the event, from blue (start) to red (2H30 later).

      

    

  
    
      Fig. 14. 
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        Proposed sequence of events to explain the properties of the 11 October 2013 SEP intensities at STA and STB. The top panel represents the configuration of magnetic field lines before the event, with STA-connected field lines on the left and STB-connected field lines on the right. The red lines in the top panel represent the confined flare of ≈03:35 UT. As the pressure wave forms around the expanding CME flux rope, open and closed magnetic field lines are pushed aside and are potentially forced to undergo interchange reconnection. Initially trapped pre-energised particles are suddenly released into open fields in the vicinity of the shock for further acceleration.
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