
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Sky footprints of S-PLUS DR4, APOGEE, GALAH DR3, and LAMOST MRS DR8 surveys across the celestial sphere. Each survey’s distinctive coverage and observed regions are depicted, along with their overlapping regions.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        S-PLUS photometry and SDSS spectra of a dwarf star (top panel) and a giant star (bottom panel). The colored symbols represent S-PLUS photometry in flux units for the following filters: u, J0378, J0395, J0410, J0430, g, J0515, r, J0660, i, J0861, and z (from left to right). Square symbols denote broad-band filters, while circular symbols indicate narrowband filters. The filter responses are shown accordingly.

      

    

  
    
      Table 1 

      Summary of training datasets used for neural network (NN) and random forest (RF) models.

      
        


	Dwarfs
	Giants



	

	




	
	APOGEE
	GALAH
	LAMOST
	APOGEE
	GALAH
	LAMOST



	
	

	

	

	

	

	




	Parameter
	Min
	Max
	N
	Min
	Max
	N
	Min
	Max
	N
	Min
	Max
	N
	Min
	Max
	N
	Min
	Max
	N





	Teff
	3296
	8186
	8885
	3156
	7965
	24 740
	4025
	6830
	2863
	3651
	5540
	5500
	3813
	5721
	4840
	4158
	5849
	190



	log g
	2.40
	5.18
	8805
	2.91
	4.99
	24 700
	1.96
	4.90
	2852
	−0.18
	3.66
	5500
	0.93
	3.68
	4842
	0.31
	4.53
	190



	[Fe/H]
	−1.42
	0.46
	8673
	−1.76
	1.00
	24 479
	−1.61
	0.42
	2856
	−2.44
	0.47
	5484
	−2.33
	1.00
	4811
	−1.92
	0.33
	190



	[α/M]
	−0.30
	0.41
	8692
	−0.41
	0.55
	23 819
	−0.14
	0.30
	2146
	−0.31
	0.71
	5479
	−0.40
	0.66
	4724
	−0.02
	0.33
	107



	[C/Fe]
	−0.49
	0.47
	8667
	−1.14
	1.55
	18 116
	−0.31
	0.31
	2145
	−1.18
	1.03
	5461
	−0.42
	1.43
	332
	−0.18
	0.38
	106



	[Ca/Fe]
	−0.43
	0.48
	8403
	−0.63
	0.77
	23 328
	−0.31
	0.41
	2146
	−0.45
	0.68
	5425
	−0.53
	0.75
	4624
	−0.09
	0.29
	107



	[N/Fe]
	−1.00
	1.24
	6532
	…
	…
	…
	−0.26
	0.50
	2145
	−0.66
	1.26
	5460
	…
	…
	…
	−0.15
	0.47
	107



	[Ni/Fe]
	−0.35
	0.35
	8649
	−0.58
	0.62
	19 570
	−0.13
	0.14
	2143
	−0.45
	0.49
	5446
	−0.62
	0.72
	4623
	−0.06
	0.11
	106



	[Mg/Fe]
	−0.55
	0.51
	8698
	−0.61
	0.74
	23 385
	−0.27
	0.39
	2146
	−0.47
	0.61
	5482
	−0.58
	0.93
	4677
	−0.02
	0.38
	107



	[Si/Fe]
	−0.37
	0.49
	8692
	−0.54
	0.65
	23 695
	−0.15
	0.29
	2146
	−0.39
	0.66
	5480
	−0.51
	0.86
	4706
	−0.04
	0.35
	107



	[CI/Fe]
	−0.61
	0.57
	8609
	…
	…
	…
	…
	…
	…
	−1.24
	0.96
	5425
	…
	…
	…
	…
	…
	…



	[O/Fe]
	−0.65
	0.77
	8645
	−1.19
	1.46
	23 745
	…
	…
	…
	−0.61
	0.99
	5468
	−1.04
	1.78
	4678
	…
	…
	…



	[Na/Fe]
	−2.37
	1.68
	6678
	−0.49
	0.65
	23 943
	…
	…
	…
	−1.75
	1.66
	5254
	−0.66
	0.78
	4713
	…
	…
	…



	[Al/Fe]
	−0.51
	0.69
	6910
	−0.80
	1.07
	23 683
	…
	…
	…
	−1.11
	0.90
	5409
	−0.59
	1.09
	4644
	…
	…
	…



	[K/Fe]
	−0.69
	0.88
	8629
	−0.97
	1.11
	23 362
	…
	…
	…
	−0.85
	1.12
	5384
	−0.90
	1.08
	4520
	…
	…
	…



	[Ti/Fe]
	−0.88
	0.91
	8182
	−0.86
	0.98
	23 344
	…
	…
	…
	−0.94
	0.86
	5332
	−0.80
	0.97
	4730
	…
	…
	…



	[TiII/Fe]
	−1.44
	0.94
	669
	…
	…
	…
	…
	…
	…
	−0.82
	0.95
	5243
	…
	…
	…
	…
	…
	…



	[V/Fe]
	−1.74
	1.56
	5405
	…
	…
	…
	…
	…
	…
	−1.70
	1.66
	5325
	…
	…
	…
	…
	…
	…



	[Mn/Fe]
	−1.55
	1.32
	6853
	−0.66
	0.59
	23 769
	…
	…
	…
	−1.27
	1.18
	5348
	−0.98
	0.76
	4604
	…
	…
	…



	[Co/Fe]
	−1.88
	2.21
	685
	−0.46
	2.70
	17 923
	…
	…
	…
	−1.60
	1.58
	5360
	−0.90
	1.42
	4406
	…
	…
	…



	[Ce/Fe]
	−1.60
	1.98
	709
	…
	…
	…
	…
	…
	…
	−1.76
	1.36
	5152
	…
	…
	…
	…
	…
	…



	[Li/Fe]
	…
	…
	…
	−1.65
	4.09
	20 626
	…
	…
	…
	…
	…
	…
	−1.06
	2.65
	3092
	…
	…
	…



	[Sc/Fe]
	…
	…
	…
	−0.54
	0.70
	23 896
	…
	…
	…
	…
	…
	…
	−0.44
	0.59
	4732
	…
	…
	…



	[Cr/Fe]
	…
	…
	…
	−0.66
	0.59
	23 640
	…
	…
	…
	…
	…
	…
	−0.64
	0.62
	4720
	…
	…
	…



	[Cu/Fe]
	…
	…
	…
	−0.68
	0.76
	21 796
	…
	…
	…
	…
	…
	…
	−1.03
	1.07
	4709
	…
	…
	…



	[Zn/Fe]
	…
	…
	…
	−0.79
	0.86
	23 005
	…
	…
	…
	…
	…
	…
	−1.13
	1.29
	4042
	…
	…
	…



	[Y/Fe]
	…
	…
	…
	−1.21
	1.21
	23 591
	…
	…
	…
	…
	…
	…
	−1.12
	1.39
	4504
	…
	…
	…





      

      
Notes. The table includes data from APOGEE, LAMOST, and GALAH surveys, organized into two categories: dwarfs and giants. Each category is divided by dataset sources, detailing the parameters used, source counts (N), and value ranges (max, min).





    

  
    
      Table 2 

      Summary of the training datasets categorized by [Fe/H] intervals.

      
        


	 Interval
	APOGEE
	GALAH
	LAMOST





	[Fe/H] > 0
	7755
	11 528
	1200



	0 > [Fe/H] > −0.5
	10 514
	26 072
	5309



	−0.5 > [Fe/H] > −1
	2651
	5189
	2479



	−1 > [Fe/H] > −2
	591
	882
	244



	−2 > [Fe/H] > −3
	66
	121
	9



	[Fe/H] < −3
	14
	34
	4





      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Corner plot for the APOGEE, LAMOST, and GALAH training sets, that coincide with S-PLUS data, indicated in green, red, and blue, respectively, showing the distribution of Teff, log g, [Fe/H], and [α/X], where X denotes [M] for LAMOST and APOGEE data, and [Fe] for GALAH data. The histograms along the leading diagonal illustrate the parameter distributions for Teff, log g, [Fe/H], and [α/X] across the three trainning datasets.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Comparative analysis of RF and NN goodness-of-fit across diverse parameters in the APOGEE, GALAH, and LAMOST MRS Surveys. These results are based on models constructed using only S-PLUS color information. Only parameters with goodness-of-fit exceeding 50% are included.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Ten primary features utilized for prediction are arranged in decreasing order of their importance in the RF model. At the top of each diagram, the star type (giant or dwarf), data sample (LAMOST, APOGEE, or GALAH), and the spectroscopic parameter is specified.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Results of the testing set for various astrophysical parameters (Teff, log g, [Fe/H], α/M, [Mg/Fe]) obtained in this study using the NN model. Each plot features a one-to-one correlation between the parameters obtained from APOGEE, GALAH, and LAMOST surveys and those predicted by the NN, with identity line included for reference. Blue and red dots correspond to dwarfs and giants, respectively. For both dwarfs and giants, the colorbar indicates the Teff. The size of the symbols represents the value of log ɡ.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Density plot depicting the pairwise distribution of different atmospheric parameters and chemical abundances for a total of ~ 140 000 giant stars predicted in this study, based on the APOGEE based trainning set. The title of each plot indicates the exact number of stars plotted, while the color bar represents the density distribution.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Comparison of metallicity ([Fe/H]) values from the literature (x-axis) with the estimations obtained in this work (y-axis) for the selected star clusters.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Sky plots for globular clusters NGC 104 (left panel) and NGC 3201 (right panel). The color bar in each plot indicates the [Fe/H] values determined in this study for each member star of the cluster, utilizing the GALAH data as training set.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison of [M/H] vs. [Fe/H] for dwarf stars (top panels) and giant stars (bottom panels). The color gradient represents [α/M], while the dashed and solid grey lines depict the linear fits and one-to-one relationship, respectively.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Empirical cumulative distribution functions (ECDFs) comparing predicted [Fe/H], Teff, and log g values from the S-PLUS (this work) with the predicted values of J-PLUS, and spectroscopic values from GALAH for 186 dwarf stars. The dotted lines represent the absolute differences between the ECDFs of the survey pairs, and the dashed horizontal lines indicate the Kolmogorov-Smirnov (KS) statistic for each pair of surveys, with lower KS values meaning closer agreement between the respective surveys.

      

    

  
    
      Table 4 

      Values of the fitted coefficients from Eq. (2).

      
        


	
	[Fe/H] < −0.55
	[Fe/H] ≥ − 0.55



	
	

	




	
	a ± σa
	b ± σb
	a ± σa
	b ± σb





	Giant
	
	
	
	



	APOGEE
	1.29 ± 0.04
	0.20 ± 0.02
	1.14 ± 0.05
	0.17 ± 0.03



	GALAH
	0.98 ± 0.07
	−0.04 ± 0.04
	1.10 ± 0.05
	0.01 ± 0.03



	Dwarf
	
	
	
	



	APOGEE
	2.53 ± 0.05
	0.75 ± 0.03
	1.11 ± 0.01
	0.01 ± 0.01



	GALAH
	1.21 ± 0.02
	0.18 ± 0.01
	1.04 ± 0.01
	0.12 ± 0.01



	LAMOST
	2.96 ± 0.14
	0.88 ± 0.07
	1.33 ± 0.01
	0.15 ± 0.01





      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Comparison of the pairwise differences between the predicted values from the S-PLUS (this work), J-PLUS and spectroscopic values from GALAH for [Fe/H], Teff, and log g, for 186 dwarf stars. The dashed-dotted lines represent mean value of each distribution. The 1σ value of the difference of each pair of surveys are displayed in the legend.

      

    

  
    
      Table 5 

      Standard deviation values for the comparison of cross-matched S-PLUS, J-PLUS, and GALAH samples for giant and dwarf stars.

      
        


	
	Giant (N=8)
	Dwarf (N=186)



	
	

	




	
	S-PLUS − J-PLUS
	S-PLUS − GALAH
	J-PLUS − GALAH
	S-PLUS − J-PLUS
	S-PLUS − GALAH
	J-PLUS − GALAH





	σ Δ[Fe/H]
	0.09
	0.07
	0.09
	0.51
	0.25
	0.23



	[image: equation]
	47
	75
	91
	230
	162
	277



	σΔ log ɡ
	0.19
	0.12
	0.20
	0.31
	0.23
	0.29
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