
    
      Fig. 3 
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        Field-of-view corrections of run 17Am05. From left to right: the un-calibrated data after the field zero-point offset corrections (CaHKuncalib + zp(i) − CaHKsyn); the old analytic model; the new FoV model from PhotCalib; the median residual over the field of view between the calibrated and the synthetic Gaia values (ΔCaHK = CaHKcalib − CaHKsyn) from the old and the new model.

      

    

  
    
      Fig. 5 
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        Effect of the calibration procedure on the CaHK magnitudes. Left: maps of the CaHK offsets between the uncalibrated (top) and calibrated (bottom) Pristine catalogues and the Gaia CaHKsyn magnitudes (the color codes CaHKuncalib − CaHKsyn and CaHKcalib − CaHKsyn, respectively) for run 17Am05. Right: histogram of a random sampling of the residual (∆CaHK = CaHKcalib − CaHKsyn) for 1% of stars in the calibration (δCaHK < 0.05; blue) and validation (δCaHK < 0.015; orange) samples.

      

    

  
    
      Fig. 7 
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        Extinction coefficients for the three Gaia filters and the ratio A0/AV as a function of the effective temperature Teff, for different values of A0 and [Fe/H] (see legend).

      

    

  
    
      Fig. 10 
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        Density of sources with photometric metallicities in the Pristine-Gaia synthetic catalogue (left-hand panel) and the DR1 catalogue (right-hand panel). The black contours are lines with E(B – V) = 0.15 and 0.5. By construction, regions with extinction E(B – V) > 0.5 are removed from the photometric metallicity catalogues and produce the white regions in the left-hand map. The impact of the Gaia scanning law on the S/N of the BP/RP information and, consequently, on that of the CaHKsyn magnitudes, is clearly visible; it is responsible for most of the irregular features in this map. The map of Pristine metallicities is more limited on the sky but also denser, owing to the higher S/N Pristine data: some stars with BP/RP information do not have high enough S/N to make it through the enforced SCaHKsyn < 0.1 cut but have a high-enough S/N in Pristine to generate a Pristine metallicity.

      

    

  
    
      Fig. 11 
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        Mean metallicity uncertainties as a function of the magnitude of a star or its photometric metallicities for a random 1% of stars in the Pristine-Gaia synthetic catalogue (top) and the Pristine DR1 catalogue (bottom). Dots are color-coded by the GBP – GRP color of a star. The dashed regions corresponds to the regime for which metallicities might be hampered by systematics due to a stronger impact of the gravity of a star on its derived metallicity (see Section 6). The uncertainties are a complex function of the magnitude of a star, its color, and its metallicity because of the nontrivial mapping of metallicities on the color-color space shown in Figure 9. The metallicities based on Pristine magnitudes show much lower uncertainties owing to their significantly higher S/N.

      

    

  
    
      Fig. 12 
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        Comparison of the photometric metallicities in the Pristine-Gaia synthetic and the Pristine DR1 catalogues for a random 10% of the overlap between the two catalogues. Points are colored by the uncertainties on the photometric metallicities from the Pristine-Gaia synthetic catalogue and small and large dots correspond to stars with a loose and tight quality cut on the metallicity uncertainties, respectively (δ[Fe/H]phot < 0.5 and 0.3). The dashed lines correspond to the one-to-one lines and the dotted lines show offsets of 0.2 dex from them. As expected, the metallicities derived from the two sets of magnitudes are consistent since they are on the same photometric system. The next three panels show the impact of quality cuts to clean the sample by removing stars with a probability of being variable (Pvar > 0.3; second panel), flagged as potentially problematic in Gaia (RUWE> 1.4 and |C* | > σC* ; third panel), or at the edge of the grid (fourth panel; here we shown all the catalogue stars that follow this criterion). The different quality cuts remove stars that do not behave as expected.

      

    

  
    
      Fig. 13 
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        Comparisons of the Pristine-Gaia synthetic (top row of the left-hand panels) and Pristine DR1 (bottom row of the left-hand panels) photometric metallicities with the spectroscopic metallicities of the cleaned giant star training set (see text for details). The right-hand panels show the histograms of metallicity differences for the two catalogues, with the Pristine-Gaia synthetic catalogue in blue and Pristine DR1 in red. The catalogues are split as a function of GBP magnitude, into the bright end (GBP < 16; top) and the fainter end (GBP < 16; bottom). At brighter magnitudes than this limit, both catalogues are similarly competitive, as can be appreciated from the confidence interval of the metallicity differences in the right-hand panels (16th to 84th percentiles; vertical dashed lines) and the average of these percentile offsets quoted as σ in the two panels. At fainter magnitudes, the Pristine DR1 catalogue continues to remain very competitive while the Pristine-Gaia synthetic catalogue suffers from the lower signal-to-noise of the CaHKsyn magnitudes, leading to a wider distribution of metallicity differences.

      

    

  
    
      Fig. 14 
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        Comparison of the metallicities from the Pristine-Gaia synthetic catalogue with the high-resolution spectroscopic metallicities accumulated by the Pristine collaboration. The photometric metallicities are in very good agreement with their spectroscopic counterparts throughout the metallicity scale, which means that the issues (variable stars, subtly saturated SDSS stars, … ) that led us to erroneously target stars with [Fe/H]PristineHR > −2.0 as VMP candidates are now resolved. There remains an offset between the photometric and spectroscopic metallicities with the temperature of a star (the color of the dots). Stars with Teff > 6000 K do tend to have lower photometric metallicities than their spectroscopic metallicities.

      

    

  
    
      Fig. 15 
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        Comparison of the Pristine-Gaia synthetic photometric metallicities with metallicities from high-resolution spectroscopy samples of metal-poor stars (Hansen et al. 2018; Sakari et al. 2018; Yong et al. 2021; Li et al. 2022; R > 25 000). In the left-hand panel, color traces the origin of the spectroscopic metallicities, as listed in the label. The photometric metallicities are of high enough quality that they track the spectroscopic metallicities down to the lowest metallicities available. In the right-hand panel, the color codes the temperatures of the same stars, showing that the agreement is generally better for cooler rather than hotter stars. In both panels, the dashed line corresponds to the 1-to-l line and the dotted lines represent offsets of 0.2 dex.

      

    

  
    
      Fig. 16 
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        Comparison of various metallicity catalogues based on Gaia DR3 with the giant stars in the training (left, see text for the construction of this sample) and with the validation sample at lower metallicities (right, see text for details) and their spectroscopic metallicities. After the comparison with the Pristine-Gaia synthetic catalogue, and the Pristine DR1 catalogue, the panels show the comparisons for the Gaia GSP-Spec metallicities based on the Gaia RVS spectra (Recio-Blanco et al. 2023, smaller circles correspond to stars flagged as unreliable in this catalogue, following the same criteria discussed in their Section 10.5 and represented in their Figure 26), the Gaia GSP-Phot catalogue based on the BP/RP information (Andrae et al. 2023a), the XGBoost algorithm (Andrae et al. 2023b) and the Zhang et al. (2023, smaller circles correspond to stars flagged to have unreliable metallicities) catalogue that use the BP/RP information and some additional non-Gaia photometry. The color encodes the magnitude of a star in the left-hand set of panels and their temperature in the right-hand set of panels. The dashed line corresponds to the 1-to-1 line and the dotted lines represent offsets of 0.2 dex.

      

    

  
    
      Fig. 20 
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        Metallicity of stars in both the Pristine-Gaia synthetic and Pristine DR1 catalogues around four globular clusters that span a wide metallicity range. From top to bottom, 47 Tuc, M 5, M 15, and M 92. The two left-most columns show the distribution of metallicities of stars in both catalogues as a function of right ascension. They are in good agreement with the known metallicity of the clusters, indicated by the red dot-dashed lines (Carretta et al. 2009). The two right-most columns of panels show the distribution of stars around the clusters, color-coded by metallicity. With the metallicity information, likely members of the clusters are very easy to pick out among the field contamination.

      

    

  
    
      Table A.2 

      Polynomial coefficients for kf (Equation 2) for dwarfs. Only coefficients larger than 0.001 are listed.

      
        


	
	factor
	G
	GBP
	GRP
	CaHK
	A0/AV





	a0
	1
	0.2554
	0.6765
	0.4620
	1.5524
	1.0985



	a1
	T
	0.9525
	0.6622
	0.3391
	0.0091
	−0.2832



	a2
	A0
	0.0113
	0.0062
	−0.0061
	
	0.0042



	aз
	[Fe/H]
	−0.0312
	0.0107
	−0.0214
	
	0.0076



	a4
	T2
	−0.4075
	−0.2720
	−0.1963
	−0.0022
	0.1637



	a5
	A02
	0.0017
	0.0011
	
	
	



	a6
	[Fe/H]2
	−0.0065
	−0.0027
	−0.0021
	
	



	a7
	T A0
	−0.0601
	−0.0381
	−0.0013
	
	



	a8
	T [Fe/H]
	0.0195
	−0.0475
	0.0305
	
	−0.0071



	a9
	A0 [Fe/H]
	0.0024
	0.0019
	
	
	



	a10
	T3
	0.0657
	0.0393
	0.0395
	
	−0.0328



	a13
	T2 Ao
	0.0158
	0.0113
	
	
	



	a15
	T2 [Fe/H]
	
	0.0229
	−0.0100
	
	0.0016



	a16
	T [Fe/H]2
	0.0026
	
	0.0015
	
	



	




	σ
	
	0.0022
	0.0019
	0.0012
	0.0001
	0.0008





      

    

  
    
      Fig. B.1 
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        Comparison of various metallicity catalogues based on Gaia DR3 with the stars in the training sample with log 𝑔 > 3.9 corresponding to the main-sequence stars. After the comparison with the Pristine-Gaia synthetic catalogue, and the Pristine DR1 catalogue, the panels show the comparisons for the Gaia GSP-Spec metallicities based on the Gaia RVS spectra (Recio-Blanco et al. 2023, smaller circles correspond to stars flagged as unreliable in this catalogue, following the same criteria as in their Figure 26), the Gaia GSP-Phot catalogue based on the BP/RP information (Andrae et al. 2023a), the XGBoost algorithm that uses the BP/RP information and some additional non-Gaia photometry (Andrae et al. 2023b), the BP/RP-based metallicities from Zhang et al. (2023, smaller circles are flagged results). In all panels, the color encodes the temperature of the star from the training sample. The dashed line corresponds to the 1-to-1 line and the dotted lines represent offsets of 0.2 dex.

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Similar to Figure B.1, but for training sample turn-off stars only (defined as Teff > 5800 K, regardless of their log 𝑔). A clear trend with temperature can be seen in the Pristine DR1 catalogue, even in this relatively small temperature range. Our photometric metallicities estimates degrade for hotter stars.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Distribution of the main Gaia DR3 variable classes, as defined by Gavras et al. (2023), in the variability space of Figure 8 used to define Pvar. All panels show the distribution of the variables identified in Gaia DR3 (phot_variable_flaց = ’VARIABLE’) in gray and the density distribution of a given class of variables, as labeled in each panel. We only show classes with at least 5,000 identified sources and we overlay our Pvar = 0.3 threshold for comparison. The proposed cut effectively rejects the most obvious classes of variables.
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