
    
      Fig. 3 
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        Comparison between the distribution of the IE − HE, u − IE, and YE − HE colours in the Int and SED mock catalogues. Top row: Euclid Wide catalogues. Bottom row: Euclid Deep catalogues. Significant differences between the Int and SED methods are apparent, most notably with the SED method giving rise to significantly bluer u − IE colours compared to the Int method. These differences arise when the galaxy templates are unable to closely match the observed broadband SED; this may be due to the photometric redshift being incorrect and/or due to the absence of a template that sufficiently represents the properties of the galaxy.

      

    

  
    
      Fig. 5 
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        Effect of various photometric pre-selection criteria on the number and redshift distribution of galaxies in the four mock catalogues. We show four cases: (i) only a detection in IE is required; (ii) detection is required in all four Euclid bands (IE, YE, JE, HE); (iii) detection is required in u and all four of the Euclid bands; and (iv) detection is required in ugriz and all of the Euclid bands. As described in the main text, for all bands we adopt a signal-to-noise detection threshold ≥3.

      

    

  
    
      Fig. 7 
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        Examples of feature importance derived from the RandomForest, CatBoost, and LightGBM classifiers when selecting quiescent galaxies from within the 0 < z < 3 interval, without foreknowledge of galaxy redshifts. For each learner, the feature importance values are normalised such that their sum is 1.0. The y axis labels correspond to feature names used by the pipeline after the pre-processing steps outlined in Sect. 4.2 have been applied and should be self-explanatory. For example, the feature named 'u' is derived from the u-band magnitudes (i.e. after our pre-processing steps), the feature 'VIS-20CM' is derived from the IE − 20 cm colours, etc.

      

    

  
    
      Fig. 10 
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        Comparison between our machine-learning method, LePhare SED fitting, and UVJ colour-colour method, for the selection of quiescent galaxies from the SED Wide mock Euclid catalogue. The following three configurations of input data were used: (i) Euclid photometry only, with no redshift information; (ii) Euclid photometry only, this time with photometric redshifts from Laigle et al. (2016); and (iii) Euclid, ugriz, W1 and W2 photometry, again using photometric redshifts from Laigle et al. (2016).

      

    

  
    
      Fig. A.1 
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        Feature importance values when using RandomForestClassifier to select quiescent galaxies in the redshift range 0 < z < 0.25. The results in the upper panel are for the case where none of the features have been duplicated. The lower panel shows the feature importance values for the case where five copies of IE − u have been injected into the dataset prior to model training. The χ axis labels correspond to feature names used by the pipeline after the pre-processing steps outlined in Sect. 4.2 have been applied, and should be self-explanatory (see the caption of Fig. 7. For example, the feature named 'VIS-u_copy1' is a copy of the feature named 'VIS-u', etc.

      

    

  
    
      Fig. A.2 
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        Similar to Fig. A.1, but for models trained using CatBoostClassifier.

      

    

  
    
      Fig. A.3 
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        Similar to Fig. A.1, but for models trained using XGBoostClassifier.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Examples of the F1-scores from individual base-learners and the model ensembling methods. Left: Selection of quiescent galaxies at z = 2–2.5 from the Int Wide catalogue using Euclid photometry, without foreknowledge of galaxy redshifts. As described in the text, the meta-learner performs a non-linear fusion of the individual classifiers, resulting in a significantly higher Fl-score than obtained by any of the individual base learners or the two other ensemble methods (averaging and hard-voting). Centre: Impact of ensembling a LightGBMClassifier model, the hyperparameters of which are well-tuned for this problem (LightGBM 1), with four other LightGBM models that have poorly tuned hyperparameters (LightGBM 2,3,4,5). In this case, averaging the model predictions and hard-voting both produce poor results, but the meta-learner is able to identify and weight accordingly the low quality class predictions. Right: Application of a meta-learner to a classification model produced by a single base-learner, in this case XGBoostClassifier. In this circumstance, the meta-learner performs 'error correction', resulting in a significant improvement in the quality of the classifier.

      

    

  
    
      Fig. B.2 
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        Distribution of incorrect classifications (FP and FN) with respect to IE – YE, sSFR, and stellar mass, when selecting quiescent galaxies from the Int catalogues. Also shown is the overall distribution of galaxies in the catalogue (or catalogue subset) on which the selection was performed. Top row: Using the ugriz, Euclid, W1 , W2, and 20 cm photometry from the Int Wide catalogue, excluding only those galaxies with a non-detection in any Euclid band. Centre row: As above, but excluding galaxies without a non-detection in any of the ugriz or Euclid bands. Bottom row: Using the ugriz, Euclid, W1 , W2, and 20 cm photometry from the Int Deep catalogue, excluding only those galaxies with a non-detection in any Euclid band. In each case, we include the values of the F1-score, precision, recall, and [image: equation]@ metrics

      

    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
        Similar to Fig. B.2, but instead using the SED catalogues.

      

    

  
    
      Fig. B.7 
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        Testing the impact of photometry measurement uncertainties on the results from our classification pipeline. Top: Example of how the F1-score is reduced when Gaussian noise is added to the optical and NIR photometry in the Int Wide catalogue. Bottom: Example of how the F1-score is increased when galaxies fainter than an arbitrary IE threshold are excluded from the Int Wide catalogue.

      

    

  
    
      Fig. B.10 
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        Effect on the Fl-score due to the including one additional band with the Euclid photometry set. The ARIADNE pipeline was run in fast mode using the LightGBMClassifier base learner, or XGBoostClassifier at 2.5 < z < 3, without foreknowledge of galaxy redshifts.

      

    

  
    
      Fig. Β.11 
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        Similar to Fig. B.9, but showing the feature importances when the W1 (top), W2 (middle) or 20 cm (bottom) bands are included with the Euclid photometry.

      

    

  
    
      Fig. B.12 
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        Similar to Fig. B.10, but showing the effect on the F1-score due to the including W1, W2, or the 20 cm radio band with the Euclid photometry when training LightGBMClassifier (z < 2.5) or XGBoostClassifier (2.5 < z < 3) models.

      

    

  
    
      Table B.2 

      Selection of quiescent galaxies in the redshift range 0 ≥ z ≥ 3, from the SPRITZ Euclid Deep Survey simulation.

      
        


	
	
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Redshift range (1)
	Redshift binning (2)
	P (3)
	R (4)
	F1-score (5)
	P (6)
	R (7)
	F1-score (8)
	P (9)
	R (10)
	F1-score (11)
	P (12)
	R (13)
	F1-score (14)





	0 – 3
	No
	0.92
	0.86
	0.89
	0.92
	0.88
	0.90
	0.93
	0.90
	0.91
	0.93
	0.91
	0.92



	0 – 0.25
	Yes
	0.84
	0.85
	0.85
	0.85
	0.85
	0.85
	0.85
	0.85
	0.85
	0.85
	0.86
	0.86



	0.25 – 0.5
	Yes
	0.92
	0.90
	0.91
	0.92
	0.91
	0.91
	0.92
	0.91
	0.91
	0.92
	0.91
	0.92



	0.5 – 0.75
	Yes
	0.96
	0.92
	0.94
	0.96
	0.92
	0.94
	0.96
	0.93
	0.94
	0.96
	0.93
	0.95



	0.75 – 1
	Yes
	0.93
	0.91
	0.92
	0.94
	0.91
	0.93
	0.94
	0.92
	0.93
	0.95
	0.92
	0.94



	1 – 1.25
	Yes
	0.95
	0.92
	0.93
	0.96
	0.92
	0.94
	0.97
	0.93
	0.95
	0.97
	0.94
	0.96



	1.25 – 1.5
	Yes
	0.93
	0.95
	0.94
	0.96
	0.95
	0.95
	0.97
	0.96
	0.97
	0.98
	0.97
	0.97



	1.5 – 2
	Yes
	0.90
	0.93
	0.91
	0.94
	0.94
	0.94
	0.95
	0.95
	0.95
	0.96
	0.96
	0.96



	2 – 2.5
	Yes
	0.91
	0.84
	0.87
	0.93
	0.89
	0.91
	0.95
	0.91
	0.93
	0.95
	0.93
	0.94



	2.5 – 3
	Yes
	0.82
	0.83
	0.83
	0.86
	0.84
	0.85
	0.89
	0.89
	0.89
	0.91
	0.89
	0.90





      

      
Notes. The columns are as follows:


(1) redshift range in which the test was conducted;


(2) information on whether photometric redshifts were used to restrict the dataset to source in the specified redshift range ('Yes' or 'No');


(3) precision P for quiescent galaxy selection for SPRITZ Case 1;


(4) recall R for quiescent galaxy selection for SPRITZ Case 1;


(5) the F1-score for quiescent galaxy selection for SPRITZ Case 1;


(6) precision P for quiescent galaxy selection for SPRITZ Case 2;;


(7) recall R for quiescent galaxy selection for SPRITZ Case 2;


(8) the F1-score for quiescent galaxy selection for SPRITZ Case 2;;


(9) precision P for quiescent galaxy selection for SPRITZ Case 3;;


(10) recall R for quiescent galaxy selection for SPRITZ Case 3;;


(11) the F1-score for quiescent galaxy selection for SPRITZ Case 3;;


(12) precision P for quiescent galaxy selection for SPRITZ Case 4;;


(13) recall R for quiescent galaxy selection for SPRITZ Case 4;;


(14) the F1-score for quiescent galaxy selection for SPRITZ Case 4.
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