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Training process of the final 10  ×  10 cyclic SOM. Neighbourhood radius is the radius on the SOM lattice. With each epoch we decrease the neighbourhood radius which results in an increasingly accurate SOM (lower AQE) and higher coherency (lower TE). Eventually we increase the accuracy at the cost of the coherency (higher TE). As the AQE is the average of the Euclidean norm between each cutout and its best matching neuron, the errorbars indicate the standard deviation of these values for our data set.



    

  
    
      Fig. 5. 
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Closer look at five representative images with distinctly different shapes. The first row shows five hand-picked representative images from the trained SOM. The location of each representative image on the SOM is indicated by (column, row), thus the first highlighted representative image in this figure is positioned in the seventh column, second row of the SOM in Fig. 4. In each column, we show five (randomly selected) radio sources that have been mapped to the representative images in the first row.



    

  
    
      Fig. 7. 
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Heatmap of the 10  ×  10 cyclic SOM, indicating the number of sources from our training dataset mapped to each of the representative images shown in Fig. 4.



    

  
    
      Fig. 10. 
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Histogram of Euclidean norm from each radio source to its closest representative image in the final 10  ×  10 cyclic SOM, aggregated by group. This shows how well each source resembles the best matching representative image in its group. The lower the Euclidean norm, the better the match. In general, a steeper declining trend indicates a better match across sources with the same label.



    

  
    
      Fig. 11. 
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Piechart showing the wide variety of morphologies and radio source types present in the 100 most outlying sources in the final 10  ×  10 cyclic SOM. Top panel: descriptive labels have been established by a manual visual inspection of each source in radio (LoTSS), mid-infrared (WISE) and optical (SDSS9 colour). We labelled sources that fitted in more than one category as “ambiguous”. “X-type” sources are “X-shaped” extended doubles (Rees 1978), “WATs” and “NATs” are Wide Angle Tailed and Narrow Angle Tailed sources, “WDS” are Wide Double Sources, “NEBD” are Narrow Edge Brightened Doubles (Miley 1980), “DDRG” are Double-Double Radio Galaxies (Schoenmakers et al. 1999). An “AGN remnant candidate” is an extended double with such relaxed morphology that the AGN jets might not be active any more. As M101 is an exceptionally large apparent object, the source detection software did not group the separate detections of this nearby spiral, as a result it features multiple times in the catalogue. Bottom panel: we grouped subtypes together to get an overview of the dominant types of sources in the outliers: “M101” was grouped with “nearby galaxy”; “complex” with “ambiguous”; “cluster relic” and “cluster halo” were grouped into “cluster emission” and “DDRG”, “NEBD”, “NAT”, “WAT”, “WDS”, “double”, “asymmetric double” and “X-type” were grouped into “AGN with jet activity”. A figure containing each of these one hundred most outlying sources can be found in Appendix B.



    

  
    
      Fig. 12. 
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Handpicked diverse examples taken from the list of 100 morphological outliers created by using the SOM. The red boxes indicate the size of the cutouts fed to the SOM, the inner (dashed) red boxes indicate the size of the cutouts after rotation and cropping. In this figure, we manually zoomed out to show the full extent of the objects. The outliers list contains a wide range of objects. Going row by row from left to right: a rotating extended double, a nearby spiral (M109), an asymmetric double, an AGN remnant candidate, a WAT, a head-tail radio source, an AGN remnant candidate with spatially separated lobes and an x-shaped radio source. The complexity of some of the objects means that these descriptions are preliminary. Follow-up observations are necessary to understand the nature of some of these objects.



    

  
    
      Fig. 12. 
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continued. The outliers list contains a wide range of objects. Going row by row from left to right: an AGN remnant candidate (Shulevski et al., in prep.), M101, diffuse emission combined with AGN emission, diffuse emission next to a giant head-tail AGN next to a WAT (Wilber et al. 2019). As the source extraction and association software PyBDSF did not associate radio emission of objects with a large (greater than a few hundred arcsec) apparent size, these appear as multiple separate entries in the source catalogue. The SOM can thus give different parts of the same astronomical object a high outlier score. We adopt a minimum separation distance between outlying objects of 400 arcsec.



    

  
    
      Fig. A.1. 
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Top panel: first run 10 × 10 cyclic SOM. The first run reveals that our preprocessed dataset still contains a large fraction of unresolved sources. We remove these from the training dataset by removing all radio sources that map to one of the red highlighted representative images. Bottom panel: heatmap of the first run SOM, indicating the number of sources mapped to each of the representative images.



    

  
    
      Fig. B.1. 
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100 morphological outliers. The image shows cutouts from the LoTSS survey for sources detected based on the large dissimilarity between the source and the trained self-organising map: we picked the 100 sources that have the largest Euclidean norm to their best matching representative image. We note that four sources were detected multiple times.
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continued. See previous page for the figure caption.
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