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Introduction
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• Metallicity is one of the basic stellar parameters, and plays an 
important role in studying the formation and evolution of not only 
stars and stellar populations, but also of galaxies such as the Milky 
Way.
• There are two main methods to estimate stellar metallicity for large 

samples of stars utilized to date: spectroscopic and photometric.
• Spectroscopic surveys are more time-consuming and require complex 

data analysis compared to photometric surveys.  The resulting limited 
samples, coupled with typically complex selection functions for the 
targets.



Introduction
• A typical procedure for obtaining photometric metallicity estimates 

involves several steps. First, cross-matches of photometric catalogs of 
stars with available spectroscopic-metallicity estimates are performed.
• Data quality cuts and careful reddening corrections are then applied 

for the stars in common.
• Subsequently, various techniques such as metallicity-dependent stellar 

loci fitting.
• Finally, the established relationship is applied to all photometric data 

that satisfy certain conditions, enabling the determination of 
photometric metallicities for those sources.
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Data

• GALEX simultaneously performs sky surveys in two bands through 
use of a dichroic beam splitter: far-UV (FUV; 1344 − 1786˚A) and 
near-UV (NUV; 1771 − 2831˚A).
• Most stars brighter than 20th magnitude in the NUV have a 

photometric precision better than 0.15 mag.
• The Gaia Early Data Release 3 (EDR3; Brown et al. 2021) provides 

unprecedented photometric data with mili-magnitude precision for 
over one billion stars in the G, GBP and GRP bands.
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Construction of Training Samples
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• 0.4 < (BP − RP)0 < 1.6 for dwarfs and 0.6 < (BP − RP)0 < 1.6 for giants.
• NUV > 15 to avoid saturation (Morrissey et al. 2007) and errorNUV < 

0.1 to ensure the NUV data quality.
• −3.5 < [Fe/H] < +0.5 for dwarfs (considering the metallicity dependency 

is too weak to estimate metallicity for dwarf stars with [Fe/H] < −3.5 
using the GALEX NUV data) and −5 < [Fe/H] < +0.5 for giants.
• phot_bp_rp_excess factor < 0.09×(BP−RP)+1.15 to ensure the BP/RP 

data quality.
• E(B − V) < 0.15. The E(B − V) used here is from the Schlegel et al. 

(1998, hereafter SFD98) dust reddening map.



Construction of Training Samples

• Finally, a total of 1073 and 1107 sources are selected as our dwarf and 
giant training samples, respectively.
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Reddening Corrections
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• Due	to	the	ultra-broad	Gaia	passbands,	it	is	important	to	perform	
careful	reddening	corrections.	
• Zhang &	Yuan	(2023)	consider	the	dependence	of	reddening
coefficients	on	Teff	and	E(B	−	V),	providing	a	better description	of	
empirical	reddening	coefficients	than	simply	single-valued	coefficients.



[Fe/H]- and MG-dependent Stellar Loci

• Similar	to	Yuan	et	al.	(2015a),	we	conduct	a	polynomial	fitting	for	
stellar	loci,	and	employ	a	minimum χ2	technique	to	derive	the	
metallicity	for	dwarfs	and	giants,	respectively.
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where X, Y, Z represents 
the BP−RP color, [Fe/H], 
and MG, respectively.
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External Tests with LAMOST DR8
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Due to the over-estimation 
of extinction values in the 
SFD98 reddening map close 
to the Galactic plane, there is 
an over-estimation of [Fe/H] 
in our model for the stars in 
this region, as shown in the 
top row of panels (especially 
in dwarfs).
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Thus, between the over-
estimates or under-estimates 
of NUV−BP colors caused by 
photometric errors, the under-
estimates lead to a larger 
under-estimation in the 
calculation of photometric 
metallicities. 
Overall, from these tests, 
[Fe/H] estimates from our 
model are reliable even for 
metallicity down to [Fe/H] ∼
−3.5.
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1) the fact that the sub-sample of stars with [C/Fe] > +0.7 are bluer (and less 
sensitive to [Fe/H]) and fainter (larger photometric errors), and thus have
larger uncertainties in the [Fe/H]GALEX estimates and,
2) the effects of carbon enhancement on our estimates, primarily for the cooler 
giants in our sample.



Summary

• In this work, we combine the SAGA and PASTEL catalogs with Gaia 
EDR3 and GALEX GR6+7 AIS data as our training sample to construct 
a relational model from stellar loci that incorporate MG to estimate 
photometric metallicitities for dwarfs and giants.
• They have obtained a typical precision of 0.11 dex for dwarfs and 0.17 

dex for giants, with an effective metallicity range from −3.0 < [Fe/H] ≤ 
+0.5 for dwarfs and −4.0 <[Fe/H] ≤ +0.5 for giants.
• Their measurements could be used to provide a more complete census of 

VMP and EMP stars, and to select C-enhanced VMP stars and N-
enhanced stars
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