
    
      Fig. 7. 
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        Fitting of in situ observations of ME2 at 1 au with various models: (a) FRi3D model (green), LFF fit with right-handed chirality (red), and LFF fit with left-handed chirality (blue); (b) CC fit adapted from the WIND ICME catalogue (Nieves-Chinchilla et al. 2018). The vertical lines in black in both plots correspond to the ME2 boundary as per the same catalogue. The fitted parameters of the model are discussed in Sects. 4.1–4.3.

      

    

  
    
      Fig. 10. 
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        Time series plot showing a comparison between the simulations with different orientations of CME2 modelled with FRi3D, at Earth: Run1 (blue) is simulated with tilt[image: equation] (deduced based on the orientation close to 1 R⊙) and Run2 (red) with tilt[image: equation] (similar to the tilt at 1 au). Both the orientations follow the same geometrical tilt derived from the 3D reconstruction at 0.1 au but with two different axial magnetic field orientations. From top to bottom: Speed (v), proton number density (np), Bx, By, Bz, magnetic field strength (|B|), and plasma beta (β). The solid line and the shaded regions show the profile at Earth and in the 5–10° latitudinal and longitudinal offset around Earth, respectively.

      

    

  
    
      Fig. 11. 
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        Results of Run3 where CME1 is modelled with the spheromak model. The figure description is similar to that of Fig. 10.

      

    

  
    
      Fig. 13. 
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        Radial evolution profile of the CME1 and CME2 along the Sun–Earth line at different times of propagation and interaction extracted from Run4. Top to bottom (in each plot): speed (v), proton number density (np), z-component of magnetic field (Bz), total magnetic field (B), and proton plasma beta (βp). The yellow and blue shaded areas depict the extent of magnetic ejecta of CME1 and CME2, respectively, extracted using the criterion βp < 1 (βp < 5 in (a)). All physical quantities except the speed are scaled by (D/1 au)2 where D is the radial distance from the Sun. The CME shocks (S1 and S2) are marked in yellow lines. The colourful vertical lines in the Bz panel correspond to different radial distances, which help to explain the various phases of Run4 (detailed in Sect. 6.3): (a) Propagation of CME1 alone in the heliosphere; (b) formation of a compressed negative Bz ejecta CE1a (shown with the magenta arrow); (c) further compression of CE1a; (d) development of a compressed positive Bz ejecta, CE1b (shown with a green arrow), ahead of CE1a; (e) further compression of CE1b; and (f) diffusion of CE1a (∼0 nT) upon reaching 1.2 au while CE1b undergoes further enhancement.

      

    

  
    
      Fig. 14. 
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        Evolution of Bz in the heliosphere as simulated in Run4. The co-latitudinal component in the spherical coordinate system is Bclt, which is equivalent to −Bz on the ecliptic plane. The red and blue spectra of the colour bar correspond to positive and negative Bz, respectively. Each of the panels (a) to (d) shows the view of the equatorial (X–Y) plane and the meridional (X–Z) plane at a particular time, mentioned at the top of each. (a) CME1 in the pre-interaction phase is identified schematically with a dashed ellipse; (b) CME2 is shown evolving behind CME1 in the early stage of interaction; (c) CME2 is seen compressing the interval of the trailing negative Bz component of CME1 to create CE1a (darker blue region) in the sheath ahead of itself; and (d) CE1a is seen to be further compressing the interval of the leading positive Bz component of CME1 to create CE1b (darker red region) during the interaction phase of the event. The animation of this figure can be found online.

      

    

  
    
      Fig. B.2. 
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        Coronagraph images of CME2 development on September 10, 2014, as observed by COR2 (STEREO-B) and C3 (LASCO) (top). The same images overlaid with the 3D reconstruction using the FRi3D model (bottom).
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