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        Radio burst source positions obtained by multilaterating different spacecraft configurations using BELLA with three spacecraft. The background maps show regions of low confidence (yellow) and high confidence (blue). Spacecraft configurations for the given event were classified as failed (a), poor (b), good (c), and excellent (d). In rainbow is shown the multilaterated Type IIIs; the centroids are the most probable source location, and the ellipses denote 1σ uncertainty at each corresponding frequency. The accuracy of the multilateration is heavily dependent on the sparsity of the spacecraft. The cadence of the spacecraft will determine the lower uncertainty threshold that is accepted and therefore have an impact on the precision of the positions. A Parker spiral was fitted to the five-spacecraft multilateration shown in Fig. 5 and plotted over all combinations of spacecraft for reference. Assuming this Parker spiral as the ground truth, the spacecraft configuration becomes sparsely distributed around the burst source location, and the results become more accurate and precise.
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        Multilateration of the Type III sources using BELLA with five spacecraft. (a) Bird’s eye view of the ecliptic plane showing the spacecraft configuration. The spacecraft configuration was relatively sparse and generated a large area of high confidence in which the BELLA sources were found. (b) Zoomed-in view of panel (a), showing a close up of the sources’ apparent location in the frequency range 0.5–3 MHz. A Parker spiral was fitted to the centroids of the BELLA sources. (c) Zoomed-in view of panel (b) showing a clear view of the results obtained by the NRH 150 MHz interferometric imaging compared to the BELLA sources. The Parker spiral obtained from the BELLA sources was found to be consistent with the uncertainty region of the interferometric imaging.
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        In situ data obtained by ACE. Left: Proton density. Right: Measured velocity of the solar wind. Black vertical lines correspond to the location of the spacecraft along the Carrington longitude on the date of the event. The red vertical lines correspond to the measurements made when the spacecraft is at the Carrington longitude as determined by the BELLA-derived Parker spiral at 1 au. The red-shaded region corresponds to a ±10° around the red line to account for in situ measurement variability. Our measurements show a proton density of 4 ± 2.3 1/cc and a solar wind velocity of 500 ± 70 km s−1.
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        Combined dynamic spectra of Solar Orbiter/RPW (a) and e-CALLISTO Birr, Humain, and Glasgow (b) showing the burst radio emission at 20-80 MHz frequencies. Radio interference obscured the 150 MHz frequency channels. NRH imaging at 13:04:17.98 shows the Type III radio source, which is likely too faint to be detected in the Observations Radio pour Fedome et l’Etude des Eruptions Solaires (ORFEES) spectra.

      

    

  
    
      Fig. A.2. 
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        GOES (1.0–8.0 Å) and Solar Orbiter/STIX (4–10 keV) detection of the B-class flare at ∼ 13:04 UT that is believed to have caused the Type III radio burst. The timing and location of the flare is consistent with the Type III detection, shown as a red vertical line.
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