
    
      Fig. 2. 
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Subsets of the HETDEX, EGS and Boötes PS1+WISE spectroscopic training sample identified as optically, X-ray selected, or infrared selected AGN. Details of the different selection criteria are outlined in the main text. The labelled sample sizes corresponding to a given region do not include subsets of that class, for example 309 corresponds to the sources are selected as X-ray AGN but do no pass any other criteria (rather than all X-ray selected sources).
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Spectroscopic redshift distribution for the training sample sources that do not satisfy any of the multi-wavelength AGN selection criterion.



    

  
    
      Fig. 5. 
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Illustration of the colour-magnitude based weighting scheme applied to the AGN training subsets employed in this work. The thick blue line shows the magnitude distributions for the full photometric sample while the thin black and thick gold lines show the training sample before and after weighting. For each magnitude distribution, the corresponding photometric band is labelled in the upper right corner of the panel.



    

  
    
      Fig. 7. 
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Illustration of the colour-magnitude based weighting scheme applied to the AGN training subsets employed in this work. The thick blue line shows the magnitude distributions for the full photometric sample while the thin black and thick gold lines show the training sample before and after weighting. For each magnitude distribution, the corresponding photometric band is labelled in the upper right corner of the panel. Compared to the non-AGN population, the overall weighting required is relatively small.



    

  
    
      Fig. 8. 
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Distribution of GPZ photometric redshift estimates vs. spectroscopic redshift for the test sample (not included in training in any way) for the three AGN subsamples; optically identified quasars (left panel), X-ray selected AGN (centre panel) and WISE infrared selected AGN (right panel). The number of training sources used (Ntrain), the number of test sources plotted (Ntest) and the corresponding robust scatter for the test sample (σNMAD) are shown in the upper left corner of each panel. The plotted contours are linearly spaced in source density.



    

  
    
      Fig. 10. 
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Stacked template-fitting posterior redshift predictions for the combined AGN selected population (IR, X-ray or optically selected). To improve the visual clarity at higher redshifts where there are few sources within a given spectroscopic redshift bin, the distributions have been smoothed along the x-axis.



    

  
    
      Fig. 11. 
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Q–Q ([image: equation], see text in Sect. 3.1) plots for the final calibrated consensus redshift predictions for the galaxy population (left panel) and the optical/infrared and X-ray selected AGN population (right panel). Coloured lines represent the distributions in bins of apparent optical magnitude while the thick black line corresponds to the complete spectroscopic training sample. Lines that fall above the 1:1 relation illustrate under-confidence in the photo-z uncertainties (uncertainties overestimated) while lines under illustrate over-confidence (uncertainties underestimated).



    

  
    
      Fig. 12. 
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Stacked probability distributions for the combined AGN selected population (top panel; IR, X-ray or optically selected) and the normal galaxy (or host-dominated) population as a function of spectroscopic redshift for the consensus HB photo-z estimate. To improve the visual clarity at higher redshifts where there are few sources within a given spectroscopic redshift bin, the distributions have been smoothed along the x-axis. The solid grey line corresponds to the desired 1:1 relation while the dotted and dashed lines correspond to ±0.05 × (1 + zspec) and ±0.15 × (1 + zspec), respectively.



    

  
    Table 1. 

Photo-z quality metrics for the full redshift sample, the LOFAR-detected spectroscopic redshift sample and the various subsets of both samples defined by our multi-wavelength classification (Sect. 2.2).




	Subset
	N
	σNMAD
	OLF





	Full spectroscopic sample



	




	All
	314625
	0.041
	0.104



	Galaxies
	233002
	0.031
	0.034



	AGN
	81623
	0.123
	0.306



	




	QSOs
	69251
	0.110
	0.274



	Spectroscopic AGN
	75854
	0.123
	0.306



	X-ray AGN
	1689
	0.070
	0.132



	IR AGN
	34527
	0.083
	0.169



	




	LoTSS spectroscopic sample



	




	All
	29535
	0.039
	0.079



	Galaxies
	21133
	0.031
	0.015



	AGN
	8402
	0.090
	0.241



	




	QSOs
	7025
	0.084
	0.221



	Spectroscopic AGN
	6811
	0.102
	0.266



	X-ray AGN
	669
	0.060
	0.135



	IR AGN
	5336
	0.090
	0.220







  
    
      Fig. 13. 
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Robust scatter (σNMAD; upper panels) and outlier fraction (OLF; lower panels) for the consensus photo-z estimate (z1, median) as a function of spectroscopic redshift and apparent iPS1 magnitude. For the AGN subset (left panels) each cell corresponds to a minimum of 30 sources with the colour of the cell representing the scatter of that subset. For the galaxy plots (right panels) each cell corresponds to a minimum of 100 sources. The top and side bar of each panel shows the trends in σNMAD or OLF averaged over all magnitudes and redshifts respectively. For reference, we also plot the distribution of the spectroscopic training sample within this parameter space as grey contours – plotted contours are linearly spaced in source density.



    

  
    
      Fig. 14. 
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Robust scatter (σNMAD; top panel) and outlier fraction (OLF; bottom panel) for the consensus photo-z estimate as a function of spectroscopic redshift and 150 MHz radio continuum luminosity. Each cell corresponds to a minimum of 100 galaxies. The top and side panels show the trends averaged over all magnitudes and redshifts respectively. For reference, we also plot the distribution of the spectroscopic training sample within this parameter space.



    

  
    
      Fig. 15. 
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Estimated rest-frame i (left panel) and KS (right panel) magnitudes as a function of redshift for two subsets of the LOFAR detected population – optically selected QSOs (red distribution) and sources that are not selected as optical, X-ray or infrared AGN.



    

  
    
      Fig. 16. 
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Left panel: observed colour-magnitude distribution, u − g vs. MKs of the 0.1 <  z <  0.8 in three bins of radio luminosity (in W Hz−1) for the LOFAR selected sources that are not classified as optical, IR or X-ray AGN. The most luminous radio sources are hosted in galaxies that are red and bright in the near-IR (a strong proxy for stellar mass). Right panel: rest-frame U − V vs. V − J optical colours for the LOFAR detected population for the same bins in radio luminosity. The black dashed line shows the typical boundary used to separate star-forming and quiescent stellar populations (e.g. Williams et al. 2009).
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