
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Flux and magnitude depths (5-σ) from the surveys and bands used in this work. Limiting magnitudes and fluxes were obtained from the description of the surveys, as referenced in Sect. 2.1. In purple, rest-frame SED from Mrk231 (z = 0.0422; Brown et al. 2019) is displayed as an example AGN. Redshifted (from z = 0.001 to z  =  7) versions of this SED are shown in dashed grey lines.

      

    

  
    
      Fig. 5. 
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        Composition of datasets used for the different steps of this work. (a) HETDEX field. (b) S82.

      

    

  
    
      Table 6. 

      Resulting metrics of the radio detection model on the test subset and the labelled sources in S82 using two different threshold values, as explained in Sect. 4.2.

      
        


	Subset
	Threshold
	Fβ
	MCC
	Precision
	Recall



	
	
	(× 100)
	(× 100)
	(× 100)
	(× 100)





	HETDEX-test
	Naive
	24.87 ± 2.94
	27.36 ± 3.46
	60.61 ± 8.18
	16.72 ± 2.31



	
	PR
	42.88 ± 2.93
	32.47 ± 3.49
	35.28 ± 2.74
	52.16 ± 3.59



	S82-label
	Naive
	27.15 ± 2.28
	23.36 ± 2.27
	25.72 ± 1.91
	28.47 ± 3.24



	
	PR
	21.62 ± 1.20
	19.37 ± 1.64
	12.29 ± 0.73
	58.16 ± 3.06



	HETDEX-pipe
	Naive
	24.37 ± 3.53
	26.93 ± 4.18
	59.36 ± 7.17
	16.38 ± 2.63



	
	PR
	41.57 ± 4.16
	31.67 ± 4.81
	34.65 ± 3.24
	49.80 ± 5.85



	S82-pipe
	Naive
	26.52 ± 5.44
	23.29 ± 5.73
	25.71 ± 5.89
	27.72 ± 5.21



	
	PR
	20.19 ± 2.84
	18.40 ± 4.07
	11.45 ± 1.58
	54.78 ± 8.44





      

      
Notes. HETDEX and S82 pipeline results shown as part of the discussion in Sect. 4.4. Values and uncertainties as in Table 4.



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Combined confusion matrices and True/predicted redshift density plot for the full radio AGN detection prediction computed using the testing subset from HETDEX (panels a and b) and the known labelled sources from S82 (panels c and d).

      

    

  
    
      Table 10. 

      Predicted and original properties for the 5 sources in testing subset with the highest redshift predicted radio AGNs.

      
        


	ID
	RA_ICRS
	DE_ICRS
	band_num
	class
	Score_AGN
	Prob_AGN
	LOFAR_detect
	Score_radio
	Prob_radio
	Score_rAGN
	Prob_rAGN
	z
	pred_z



	
	(deg)
	(deg)
	
	
	
	
	
	
	
	
	
	
	





	9898717
	203.016113
	55.518097
	9
	1.0
	0.500082
	0.954114
	0
	0.390861
	0.375122
	0.195462
	0.357909
	4.738
	4.3679



	168686
	164.769135
	45.806320
	8
	1.0
	0.500048
	0.858157
	0
	0.450279
	0.418719
	0.225161
	0.359326
	4.893
	4.1733



	14437074
	213.226517
	54.236343
	9
	1.0
	0.500090
	0.965187
	0
	0.251632
	0.263746
	0.125839
	0.254564
	4.326
	4.0475



	10408176
	188.163651
	52.880898
	9
	1.0
	0.500012
	0.622448
	0
	0.604838
	0.526003
	0.302426
	0.327410
	4.340
	3.9553



	12612753
	227.216370
	51.941029
	9
	1.0
	0.500055
	0.887909
	0
	0.364423
	0.355080
	0.182231
	0.315278
	3.795
	3.8797





      

      
Notes. Sources are sorted by decreasing predicted redshift. A description of the columns is presented in Appendix G.



    

  
    
      Table 12. 

      Predicted and original properties for the 5 sources in the HETDEX field with the highest predicted redshift on the unlabelled sources predicted to be radio AGNs.

      
        


	ID
	RA_ICRS
	DE_ICRS
	band_num
	Score_AGN
	Prob_AGN
	radio_detect
	Score_radio
	Prob_radio
	Score_rAGN
	Prob_rAGN
	pred_z



	
	(deg)
	(deg)
	
	
	
	
	
	
	
	
	





	9544254
	201.309235
	53.746429
	6
	0.500007
	0.578804
	0
	0.351672
	0.345250
	0.175838
	0.199832
	4.7114



	12355845
	220.838120
	50.319016
	5
	0.500007
	0.578804
	0
	0.937123
	0.794128
	0.468568
	0.459644
	4.6064



	13814216
	219.839142
	52.660328
	7
	0.500015
	0.650248
	0
	0.213846
	0.230529
	0.106926
	0.149901
	4.5622



	6698239
	184.694901
	49.063766
	5
	0.499995
	0.467527
	0
	0.799085
	0.662753
	0.399538
	0.309855
	4.5483



	2951011
	175.882446
	55.497799
	5
	0.500008
	0.589419
	0
	0.823295
	0.681768
	0.411654
	0.401847
	4.5320





      

      
Notes. A description of the columns is presented in Appendix G.



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Evolution of predicted probabilities (top: probability to be AGN, middle: probability of AGNs to be detected in radio) and redshift values for radio-detectable AGNs (bottom panel) as a function of the number of observed bands for sources in test set. In top panel, sources have been divided between those predicted to be AGN and galaxy. In middle panel, sources are divided between predicted AGN that are predicted to be detected in radio and those predicted to not have radio detection. Background density plots (following colour coding in colourbars) show location of predicted values. Overlaid boxplots display main statistics for each number of measured bands. Black rectangles encompass sources in second and third quartiles. Vertical lines show the place of sources from first and fourth quartiles. Orange lines represent median value of sample and dashed, green lines indicate their mean values. Dashed, grey lines show PR thresholds for AGN-galaxy and radio detection classifications. Close to each boxplot, written values correspond to the number of sources considered to create each set of statistics.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        AGN classification colour-colour plot in the HETDEX field using CW (W1, W2) and PS1 (g, r) passbands. Grey-scale density plot include all CW detected and non-imputed sources. Red contours highlight the density distribution of the AGNs in the Million QSO catalogue (MQC) and blue contours show the density distribution for the galaxies from SDSS DR16. Contours are located at 1, 2, and 3σ levels.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        W4 magnitudes density distribution of the newly predicted radio AGNs (clean histograms) in HETDEX (ochre histograms) and S82 (blue histograms) and W4 magnitudes from predicted AGNs that are predicted to not have radio detection (dashed histograms).

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Decision plot from SHAP values for AGN-galaxy classification from the 121 high redshift (z ≥ 4) spectroscopically confirmed AGNs in HETDEX. Horizontal axis represents the model’s output with a starting value for each source centred on the selected naive threshold for classification. Vertical axis shows features used in the model sorted, from top to bottom, by decreasing mean absolute SHAP value. Each prediction is represented by a coloured line corresponding to its final predicted value as shown by the colourbar at the top. Moving from the bottom of the plot to the top, SHAP values for each feature are added to the previous value in order to highlight how each feature contributes to the overall prediction. Predictions for sources detected by LOFAR are highlighted with a dotted, dashed line.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Decision plot from the SHAP values for all features from the radio detection model in the 121 high redshift (z ≥ 4) spectroscopically confirmed AGNs from HETDEX. Description as in Fig. 13.

      

    

  
    
      Fig. 15. 
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        Decision plot from the SHAP values for all features from the redshift prediction model in the 121 high redshift (z ≥ 4) spectroscopically confirmed AGNs from HETDEX. Description as in Fig. 13.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Reliability curves for uncalibrated classifiers. Each line represents the calibration curve for each subset in HETDEX field. Data has been binned and each bin (represented by the points) has the same number of elements per curve. Dashed line represents a perfectly calibrated model. (a) AGN-galaxy classification model. (b) Radio detection model.
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