
    
      Fig. 3. 
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        Synoptic magnetogram for July 2, 2019. The upper panel corresponds to the original filled HMI magnetogram, while the bottom panel shows the processed magnetogram used as input in COCONUT.

      

    

  
    
      Fig. 5. 
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        Visualisation of the TDm and RBSL models implemented in COCONUT. The upper panels show the CME models just after their insertion in the solar wind, while the other panels show their expansion 52.8 min after the simulation starts in the top and side views. The coloured lines represent a sample of magnetic field lines from the flux ropes. The origin for tracing these field lines is a sphere with a radius of R = 0.1 R⊙, positioned at the positive polarity. The grey field lines represent the magnetic field from the background solar wind. The radial magnetic field at the solar surface (measured in Gauss) is also displayed.

      

    

  
    
      Fig. 7. 
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        Equatorial plane of the distribution of the heating term, temperature, and radial velocity at different times for the CME named ‘TDm_3’. The left panels show the heating QH in erg cm−3 s−1 G−1 as defined by Equation (8). The middle panels display the temperature in Kelvin, while the right panels present the radial velocity in km s−1. Each panel includes an overall view of the domain and a zoomed-in view near the Sun’s surface. From top to bottom, the times represented are t = 2.4 min, t = 4 h and t = 24 h.

      

    

  
    
      Fig. 10. 
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        Composite visualisation of the equatorial plane from COCONUT and EUHFORIA. Each panel contains two parts. The inner disc is delineated by a black circle derived from COCONUT’s output, while the rest is obtained from EUHFORIA. The region covered by COCONUT is also shown in the bottom left corner of each panel. The left panels represent the temperature distribution in Kelvin, the middle panels represent the radial velocity distribution in km/s, and the right panels represent the density multiplied by the square of the radius. From top to bottom, various time snapshots from EUHFORIA are presented. The number below the date in the top right of each panel indicates the time difference in minutes between the EUHFORIA and COCONUT timestamps. Each panel includes markers at the positions of different planets, virtual satellites, and the Parker spirals connecting them to the Sun.

      

    

  
    
      Fig. 11. 
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        Visualisation of the TDm flux rope model and the RBSL model in EUHFORIA. The upper panel shows the CME model for the case named the case named ‘RBSL_3’, while the bottom panel shows the simulation with the case named ‘TDm_3’. The coloured lines represent a sample of magnetic field lines from the flux ropes. The 3D sphere represents the inner boundary of EUHFORIA at Rb = 21.5 R⊙. For the TDm simulation, the equatorial plane shows the Bz magnetic field component in nT.

      

    

  
    
      Fig. 13. 
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        Evolution of the magnetic components at different distances from the Sun. The first row depicts the evolution of the Bx component in nT, the second row shows the By component, and the third row presents the Bz component. The columns correspond to different distances from the Sun at a colatitude of θ = 90° and a longitude of lon = 0. Specifically, the first column shows the evolution at R = 10 R⊙ in COCONUT, the second column at Rb = 21.5 R⊙, which is the interface between COCONUT and EUHFORIA, the third column at R = 68 R⊙ in EUHFORIA, and the final column illustrates the evolution at Earth.
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