
    
      Table 1. 

      Architecture options considered for the NN layout, whose performances are given in Fig. 1.

      
        


	NN name
	Layout





	5L_b
	128+256+512+256+128



	5L_s
	64+256+512+256+64



	4L
	128+256+256+128



	3L
	32+128+32



	2L_64
	64+64



	2L_32
	32+32



	2L_16
	16+16



	2L_8
	8+8



	2L_4
	4+4



	2L_2
	2+2





      

      
Notes. The Layout column gives the number of neurons per layer, separating each layer with a +.



    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Validation loss for each tested NN architecture defined in Table 1. It is calculated as the mean and standard error of the loss at the best validation update obtained in each of the five-fold validation cycles.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Validation loss for each dropout rate chosen. The value is again the mean of the five-fold validation cases and the error bars come from the standard error among the five folds.

      

    

  
    
      Table 2. 

      Reference NN training parameters as defined in Sect. 3.4: the bands plus colours model magnitude case.

      
        


	Accuracy
	68.90 ± 0.72%



	TPs
	61.65 ± 0.77%



	TNs
	75.49 ± 0.92%





      

      
Notes. They imply the NN has the potential of figuring out the classification rules.



    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Six-panels plot showing the mean validation peak accuracy of the different input variations for each magnitude type. For each magnitude defined in Sect. 2, we provide several variations: B, which corresponds to the five band values; C, the ten colours obtained from the five bands; BC, a 15-dimensional space combining bands and colours; and BCE, a 20-dimensional space that adds the magnitude errors to the BC cases. All four of these variations follow the min-max normalization defined in Eq. (4). Additionally, we show the BCEp and BCEn sets, for which bands and colours were min-max normalized separately to the errors, obtained with Eqs. (5) and (6) respectively. The distribution of galaxies among the five validation folds is fixed to be the same. Panel (A) corresponds to the model magnitude type, (B) to the fibre magnitude, (C) to the PSF magnitude, (D) to the Petrosian magnitude, (E) to the exponential magnitude, and (F) to the De Vaucouleurs one.

      

    

  
    
      Table 3. 

      Validation mean accuracy and standard error for all the relevant combinations, separated into five blocks.

      
        


	Input space
	Accuracy





	Model B + model E
	67.14 ± 0.31%



	Model C + model E
	67.24 ± 0.64%



	Model BC + model E
	69.12 ± 0.50%



	




	Model B + fibre E
	77.08 ± 0.73%



	Model C + fibre E
	88.30 ± 0.45%



	Model BC + fibre E
	87.40 ± 0.72%



	




	Fibre B + model E
	62.56 ± 0.51%



	Fibre C + model E
	62.40 ± 0.45%



	Fibre BC + model E
	62.80 ± 0.55%



	




	Fibre B + fibre E
	77.14 ± 0.60%



	Fibre C + fibre E
	88.66 ± 0.37%



	Fibre BC + fibre E
	87.84 ± 0.42%



	




	Model E
	59.06 ± 0.76%



	Fibre E
	83.76 ± 0.32%





      

      
Notes. Each input space undergoes a min-max normalization. The table’s first two blocks combine the model B, C, and BC cases with either model E or fibre E, respectively; the third and fourth blocks do the same but for the fibre B, C, or BC cases; and the last block shows what happens for model E or fibre E alone. As in Fig. 3, the source distribution among the five validation folds is fixed to be the same.



    

  
    
      Table 4. 

      Validation peak mean and error for the NN input spaces using different variables that combine to make up fibre E.

      
        


	Input space
	Accuracy





	Fibre E – all-input-set
	91.48 ± 0.31%



	




	Fibre E – without counts
	91.62 ± 0.25%



	Fibre E – without dark variance
	91.48 ± 0.23%



	Fibre E – without sky
	91.98 ± 0.27%



	Fibre E – without skyErr
	60.62 ± 0.85%



	




	SkyErr – only
	83.30 ± 0.38%



	




	SkyErr + counts
	91.66 ± 0.34%



	SkyErr + dark variance
	92.04 ± 0.26%



	SkyErr + sky
	90.90 ± 0.21%





      

      
Notes. The first row considers all inputs shown in Eq. (A.5), followed by the results of excluding one variable at a time. The next row shows the case of only skyErr, and the final three rows come from combining skyErr with every other variable.



    

  
    
      Table 5. 

      Main project NNs but with the min-max normalization set to an [0,2] interval.

      
        


	Input space
	Accuracy
	Accuracy



	
	min-max [0,2]
	min-max [0,1]





	Reference NN
	68.82 ± 0.57%
	68.90 ± 0.72%



	Fibre BCE
	88.64 ± 0.36%
	88.68 ± 0.31%



	Fibre E – all-input-set
	90.82 ± 0.14%
	91.48 ± 0.31%



	SkyErr – only
	83.52 ± 0.38%
	83.30 ± 0.38%





      

      
Notes. Little difference can be found from the previous case.



    

  
    
      Table 6. 

      Neural network performance for input spaces in which either skyErr or fibre E has been normalized with some other parameters that were not included as inputs (see Sect. 3.3.2).

      
        


	Input space
	Accuracy
	Previous accuracy





	SkyErr as if with dark variance
	92.10 ± 0.28%
	92.04 ± 0.26%



	SkyErr as if with counts & dark variance
	92.02 ± 0.21%
	91.98 ± 0.27%



	SkyErr as if in fibre E – all-input-set
	91.02 ± 0.32%
	91.48 ± 0.31%



	SkyErr pre-normalized
	90.88 ± 0.25%
	83.30 ± 0.38%



	Fibre E as if in BCE
	79.72 ± 0.32%
	88.68 ± 0.31%



	Fibre fractional errors
	88.60 ± 0.55%
	89.06 ± 0.42%



	Fibre E as if in BCEn
	88.40 ± 0.33%
	88.76 ± 0.25%



	Fibre E as if in CE
	77.66 ± 0.66%
	88.66 ± 0.37%



	Fibre E pre-normalized
	86.74 ± 0.40%
	83.76 ± 0.32%



	SkyErr pre-normalized logarithmic scale
	92.64 ± 0.15%
	...





      

      
Notes. The last column gives the accuracy for the input space prior to the applied modification. For the skyErr and fibre E pre-normalized spaces (rows 4 and 9), the last column compares their respective 5D isolated min-max value.



    

  
    
      Table 7. 

      Accuracies for the central NN input spaces of the project.

      
        


	Input space
	Accuracy





	Reference NN
	68.90 ± 0.72%



	Test reference NN
	69.72 ± 0.36%



	




	Fibre BCE
	88.68 ± 0.31%



	Test fibre BCE
	89.60 ± 0.24%



	




	Fibre E – inputs
	91.48 ± 0.31%



	Test fibre E –inputs
	91.20 ± 0.35%



	




	SkyErr
	83.30 ± 0.38%



	Test skyErr
	79.56 ± 0.10%



	




	SkyErr min-max as if with dark variance
	92.10 ± 0.28%



	Test skyErr min-max as if with dark variance
	90.92 ± 0.20%



	




	SkyErr pre-normalized in logarithmic scale
	92.64 ± 0.15%



	Test skyErr pre-normalized logarithmic scale
	92.36 ± 0.21%





      

      
Notes. The table also gives the mean accuracy over the test set, calculated using the weights at the peak validation in each fold.



    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        2D embedding using PCA. Classification results from the weights saved at the validation peak of the first of the five folds: TP galaxies are shown by green circles, TNs by blue crosses, FNs by black ‘x’s, and FPs are in orange. The axes are the first and second principal coordinates. This colour scheme will be repeated for all the plots in the rest of the text.

      

    

  
    
      Fig. 5. 
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        2D embedding using tSNE, with the same classification scheme as for Fig. 4. The axes are simply the two tSNE dimensions.

      

    

  
    
      Fig. 6. 
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        Sky background error histogram panels for the five bands. Galaxies labelled as mergers are in blue and non-mergers are in light red. The values were normalized with the dark current variance.

      

    

  
    
      Fig. 7. 
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        Distribution of the same variables as in Fig. 6, but split into the four classification types.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Distribution of galaxies in the 2D histograms of the TPs (in green, separated above) and TNs (blue, below), and the contour plots of the FNs (left), FPs (right), and of all galaxies (centre) for skyErr in the u-band vs the z-band plane. The 2D histograms show logarithmic colour-bars and the axes are in logarithmic scale. To avoid undefined values for the galaxies with post-normalization features equal to zero, a constant value of 10−7 was added to these. Consequently, they appear as vertical and horizontal lines at the bottom and left sides of each panel. This allows us to see what happens with those. It should be noted that some TNs are in 10−7 for each band, meaning the pre-normalized skyErr in both bands was exactly the same for those galaxies.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Sky background error original histograms in logarithmic bins and bin widths.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Distribution of galaxies in the 2D plane of skyErr in the g and r bands. The mergers are shown by orange crosses and the non-mergers by dark blue plus symbols. The boundary is the dashed black line, with its parameters given in the label, together with the accuracy of the classification using this cut.

      

    

  
    
      Table 8. 

      Comparison between the application of the NN or of the boundary cut to the logarithm of the skyErr.

      
        


	Method
	NN
	Boundary





	Accuracy
	92.79%
	91.59%



	TPs rate
	95.48%
	95.04%



	TNs rate
	90.11%
	88.13%





      

      
Notes. The rows indicate not only the accuracy but also the rate of TPs and TNs for each method when applied on the full training dataset. The NN results correspond to the saved weights of the first cross-validation fold.



    

  
    
      Fig. 12. 
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        Astronomical frame of a galaxy labelled as a merger from our training dataset. Both images correspond to the r-band. On the left side, the DR6 frame is shown, and on the right is the deeper Stripe 82 frame.

      

    

  
    
      Table A.1. 

      Files employed to recreate the aperture photometry that leads to the fibre magnitude data.

      
        


	Name
	Type
	Contents





	kfold_fibre
	Input for NN
	Fibre magnitudes and errors



	




	fpObjc
	Uncalibrated Catalogue,
	Fibre raw counts and counts errors



	i.e. before converting
	plus sky background (sky) and error (skyErr),



	counts to fluxes
	interpolated to the source’s centre



	




	drField
	Field calibration data
	Calibration Parameters (per band)



	(e.g. gain, airmass, zeropoints)





      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Linear regression between the fibre magnitude extracted from the CasJobs portal (y-axis) compared to the magnitude calculated using Eq. A.1 from the fibre counts (counts) from the fpObjc catalogue (x-axis). The fit corresponds to ten galaxies pre-selected from our training dataset, and is done for all five SDSS bands, u, g, r, i, and z, shown in the five panels.

      

    

  
    
      Fig. A.2. 
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        Linear regression, for the same galaxies and bands as in Fig. A.1, between the fibre magnitude errors extracted from the CasJobs portal (y-axis) compared to the fibre magnitude errors calculated using Eq. A.2 from the fibre count errors from the fpObjc catalogue (x-axis).

      

    

  
    
      Fig. A.3. 

      
        [image: thumbnail]
      

      
        Same as for Fig. A.2, but using the new equation for the magnitude errors (Eq. A.4).

      

    

  
    
      Fig. A.4. 

      
        [image: thumbnail]
      

      
        Linear regression between the fibre count errors (y-axis) compared to the fibre count errors calculated using Eq. A.3 from the fibre counts (x-axis).

      

    

  
    
      Fig. A.5. 
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        Same as for Fig. A.4, but using the new equation for the count errors (Eq. A.5).

      

    

  
    
      Fig. A.7. 
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        Same as for Fig. A.6, but using the old equation for the count errors (Eq. A.3).
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