
    
      Figure 3 
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        LOFAR CS002LBA dynamic spectra for observation L2040075, covering the period of May 10th from 21:35 until 23:35 UTC. The astronomical source of the signal is 3C380.

      

    

  
    
      Figure 5 

      
        [image: Figure 5 Refer to the following caption and surrounding text.]
      

      
        Total echo power summed across all ionospheric echoes from the Juliusruh (top), Chilton (middle), and Dourbes (bottom) ionosondes between 21:35 UTC and 23:35 UTC on May 10th, 2024. The plots were generated in arbitrary decibel units. Interpretation should be considered only qualitatively.

      

    

  
    
      Figure 7 
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        LOFAR S4 data from CS002HBA0 for observation L2040001, covering the period of May 11th from 3:40 until 11:40 UTC. The astronomical source of the signal is Cassiopeia A. The plot represents the S4 index, measured at 180s.

      

    

  
    
      Figure 10 
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        Velocity estimates during the storm by using cross-correlation and velocity from Fresnel Frequency identification. The orange line represents the mean velocity of all the core stations obtained using Fresnel algorithm, while the blue line represents the velocity obtained by the cross-correlation algorithm. The colour of the dots of the cross-correlation velocity represents the mean cross-correlation of every baseline at every time interval. Both algorithms refer to LOFAR intensity data at 140 MHz projected at an altitude of 350 km.

      

    

  
    
      Figure 11 
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        In panel a), the green line represents the effective altitude reconstructed by the comparison of the cross-correlation and Fresnel algorithms for the velocity reconstruction. The color of the scatter plots represents the relative percentage error between the two velocity methods. The comparison is done with the velocities measured using the 140 MHz data, as reported in the plot title. S4 values, measured at the same frequency, are also shown as a red line. Panel b) shows the velocity obtained by the cross-correlation method, measured at the effective altitude. The color of the scatter plots represents the relative percentage error between the two velocity methods.

      

    

  
    
      Figure 12 

      
        [image: Figure 12 Refer to the following caption and surrounding text.]
      

      
        Position of LOFAR CS002HBA0 IPPs (yellow-red dots) projected at the effective altitude and at an altitude of 350 km (blue dots). The black X represents the position of the LOFAR core stations.

      

    

  
    
      Figure 13 
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        LOFAR data for IDOLS observation, covering the period from May 10th at 13:30 UTC until May 14th at 08:30 UTC. The astronomical source of the signal is Cassiopeia A. The plot represents the S4 index, measured at 180s, of the CS0032LBA.

      

    

  
    
      Figure A1. 
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        Data availability for multiple European ionosonde stations from 9 May to 14 May 2024, with each coloured bar representing a specific ionospheric parameter (e.g., foF2, foF1, etc.) measured at a given station over the set time.The black rectangle highlights the morning of 11 May, when the European ionosonde network experienced an “information blackout”.

      

    

  
    
      Figure B1. 
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        LOFAR data for observation L2040075, covering the period of May 10th from 21:35 until 23:35 UTC. The astronomical source of the signal is 3C380. The plot represents the normalised dynamic spectra of the CS002, RS106 and International LBA stations.

      

    

  
    
      Figure B2. 

      
        [image: Figure B2. Refer to the following caption and surrounding text.]
      

      
        LOFAR dynamic spectra for observation L2040075, covering the period of May 10th from 21:35 until 23:35 UTC. The astronomical source of the signal is 3C380. The plot represents the data of the Core LBA stations.

      

    

  
    
      Figure E1. 

      
        [image: Figure E1. Refer to the following caption and surrounding text.]
      

      
        LOFAR normalized intensity data for observation L2040063, covering the period of May 10th from 05:58 until 07:58 UTC. The blue line represents the X-ray flux from GOES.
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