
    
      Fig. 3. 
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        Distribution of inference subsets over the r magnitude. The limit of the SDSS training data, r = 22, defines the lower limit of the extrapolation subset. The morphological classifier failure and sources beyond survey depth (r > 25) provide the unsafe subset (Fig. 1). The extrapolation subset is complete up to r < 23.5. The safe subset covers 21% of data, extrapolation 45%, and unsafe 34%.
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        Feature rankings from the XGB models. Left: classification. Center: QSO redshift. Right: galaxy redshift. We used the total gain across all splits in which the feature is used. The classification is mostly based on the stellarity index, near-IR JKs, and optical ur bands. The QSO redshifts use all the NIR bands and most of the optical ones, but also the morphological parameters. The galaxy redshifts are based practically only on the optical gri magnitudes. Colors and ratios of the same magnitude pairs have a different importance.

      

    

  
    
      Fig. 7. 
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        QSO misclassification as a function of redshift. Top: using optical KiDS and near-IR VIKING features. Bottom: using only optical KiDS features. Left: spectroscopic QSOs and redshifts – a test for completeness. Right: QSO candidates and redshifts – a test for purity.

      

    

  
    
      Fig. 10. 
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        QSO number counts of SDSS spectroscopic QSOs and KiDS QSO candidates (QSOcand) at progressing classification probability cuts, excluding the unsafe inference subset. The dashed lines show eBOSS predictions fitted with a broken power law. The SDSS spectroscopic QSOs are complete to r < 19. KiDS QSO candidates without a probability cut are too numerous at r > 21.5 due to misclassification, and they follow standard Euclidean number counts. A cut at p(QSOcand) > 0.9 gives a complete catalog in the safe subset (r < 22). A cut at p(QSOcand) > 0.98 provides expected number counts up to r ≲ 24.

      

    

  
    
      Fig. 11. 
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        Spatial number densities, excluding the unsafe inference subset, for KiDS QSO candidates. Two bottom lines compare the KiDS QSO candidates to the SDSS spectroscopic QSOs at the SDSS completeness range of 16 < r < 19. The three upper lines show the final QSO catalog at progressing magnitude limits with the suggested probability cuts. We chose a magnitude limit for the middle line at r < 23.5, as above this limit the distribution of QSO candidates gains another peak at redshift z < 1.5.

      

    

  
    
      Fig. 12. 
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        t-SNE projections. Top: classification. Bottom: redshifts. Left: raw output from the ML models for all the inference subsets. Center: spectroscopic SDSS distributions. Right: final QSO catalog at progressing magnitudes with the corresponding probability cuts, excluding the unsafe inference. The visualizations were made on a subset of 12k objects, thus actual object density at any part of the feature space is 3.8k times higher.

      

    

  
    
      Fig. 13. 
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        Mean parallax for KiDS DR4 QSO candidates as a function of minimum classification probability. The Gaia observations have a global mean offset, which is imprinted in the QSO mean parallax distribution. The offset for SDSS spectroscopic QSOs equals −0.017 ± 0.001 mas (standard error on the mean). We calculated the acceptable offset based on star and galaxy contamination estimated in the experiments. It equals −0.01 ± 0.0015 mas.

      

    

  
    
      Fig. 14. 
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        Proportion of KiDS DR4 QSO candidates in cross-matches with other QSO catalogs as a function of KiDS minimum photometric classification probability.
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