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Fig. 19. Trend of (BP-RP) colour with GSP-Spec effective temperature produced by the MatisseGauguin workflow for dwarfs (left panel) and
giants (right panel). The colour code indicates the estimated DIB EW, which increases with interstellar absorption (the DIB flag has been imposed
to be equal to zero). Blue circles show the median values of the distribution for the stars with a DIB EW lower than 0.05 Å. Green circles are
the median values for stars whose DIB EW is equal to the median value of the distribution (0.07 Å for dwarf stars on the left panel, and 0.12 Å
for giants on the right panel), plus a dispersion of ±0.01 Å. Black dots (and white circles) are the values (and their median) predicted by the
Casagrande et al. (2021) relation, assuming no extinction.

Fig. 20. Same as Fig. 19 but using the estimated stellar metallicity [M/H] as colour code. The selected stars have the first 13 quality flags in the
gspspec flagging chain equal to zero. Two extremely metal-poor stars, discussed in Sect. 10.5, are indicated by star symbols. The number of stars
is indicated in each panel.

Fig. 21. Milky Way as revealed by the GSP-Spec effective temperature estimated by MatisseGauguin (left) and ANN (right). These HEALPix
maps in Galactic coordinates have a spatial resolution of 0.46◦. The colour code corresponds to the median of Teff in each pixel.
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Fig. 22. Kiel diagrams for the MatisseGauguin output parameters (stored in the main DR3 astrophysical parameters table) for high-quality
spectra (S/N > 150) and excluding high-rotating stars (vbroadT = vbroadG = vbroadM = 0) and possibly misclassified very cool giants
(KMtypestars = 0). The colour codes of the different panels show the stellar density (left panel) and the median of [M/H] and [α/Fe] per point
(central and right panels, respectively). The proposed log(g) and [α/Fe] calibrations are applied.

Fig. 23. Zoom onto the MatisseGauguin Kiel diagram for stars in a very
restricted metallicity domain, −0.05< [M/H]< 0.00 dex, and with high-
quality spectra. The RGB and AGB sequences appear as two resolved
parallel tracks. The very close-by RGB bump and HB clump are also
isolated. A sequence of young stars (with ages of less than ∼1 Gyr)
can be identified in the hotter side, with an overdensity at around
Teff ∼ 5000 K. These are second red clump objects, i.e. massive stars
burning He in their core.

(5 576 282 stars, left panel) and their ANN effective tempera-
ture (5 524 387 stars, right panel). Both figures show the giant
star population dominating the Galactic disc and bulge regions.
The in-plane interstellar extinction pattern can also be noticed by
its effect on the underlying parameterised populations: in higher
extinction regions, cool giant stars observable at large distances
become too faint in the RVS wavelength domain, and the median
of the temperature distribution becomes hotter. Finally, nearby
fainter dwarf stars in the foreground dominate the regions above
and below the Galactic plane, increasing the median Teff values.
It can be observed that ANN provides lower temperatures for
these stars. For more details on the GSP-Spec selection function,
we refer to Gaia Collaboration (2023a) (see their Sect. 3).

10.4. Atmospheric parameters of high-S/N spectra

To illustrate the GSP-Spec atmospheric parameter estimates in
the high-S/N regime, we selected all the stars with S/N >
150, excluding high-rotating stars and potentially misclassi-
fied cool giants (imposing vbroadT=vbroadG=vbroadM = 0 and
KMtypestars = 0, respectively). This selects a sample of nearly
202 000 stars.

Figure 22 presents the MatisseGauguin parametrisation of
the selected objects in different Kiel diagrams colour coded
according to stellar density (left panel), [M/H] (middle panel),
and [α/Fe] (right panel). We applied the log(g) calibration pro-
posed in Sect. 9 and the [α/Fe] calibration reported in Table 4
(fourth-order polynomial, without applying the suggested cuts
in log(g) in order to show a complete Kiel diagram). The
parameters precision can be assessed from the well-defined evo-
lutionary sequences. For instance, the clearly distinguishable
red clump presents a metallicity dependence that is indepen-
dent from that of the red giant branch, as expected. Addition-
ally, younger, more massive stars populate the hotter metal-rich
sequence with logg<∼ 3. These stars are located in the Milky Way
spiral arms (cf. Gaia Collaboration 2023a). It is worth noting
that, in the high-S/N regime, the algorithm shows overfitting pat-
terns (overdensity features at the reference grid points). This can
be observed in the left panel of Fig. 22 for the Teff . The log(g)
values are not affected in this figure because they have been cal-
ibrated.

The precision of the Matisse-Gauguin atmospheric parame-
ters (without any use of astrometric inputs) can also be appre-
ciated from Fig. 23, which shows a zoom into the Kiel dia-
gram of the stars in a very restricted metallicity domain,
−0.05< [M/H]< 0.00 dex (defined using the upper and lower
confidence values in the form mh_gspspec_upper< 0.00 dex
and mh_gspspec_lower>−0.05 dex). In addition, only stars
with Teff>3750 K, KMgiantPar = 0 and logchisq_gspspec<–
3.75 were selected so as to avoid classification problems at
the very cool end of the giant branch. It can be appre-
ciated that the RGB bump18 is resolved as an overden-
sity feature at Teff ∼ 4600 K and log(g)∼ 2.5. The very high

18 The RGB bump corresponds to the arrival of the narrow burning
H-shell to the sharp chemical discontinuity in the H-distribution pro-
file caused by the penetration of the convective envelope.
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Fig. 24. Same as Fig. 22 but for the ANN output parameters (stored in the supplementary DR3 astrophysical parameters table). In this case, we
imposed that the first eight quality flags in Sect. 8 be equal to zero. The calibrations proposed in Sect. 9.2 were applied. Although a larger dispersion
is observed with respect to MatisseGauguin, a general agreement exists, supporting the coherence of the two methodologically independent
analysis.

parameter precision allows us to separate this RGB feature
from the nearby horizontal branch clump visible as a nar-
row elongated feature between 4500<Teff < 4800 K and
2.20< log(g)< 2.50. Moreover, Fig. 23 shows the capability of
these very high-quality GSP-Spec parameters to disentangle the
extremely close-by red giant branch and asymptotic giant branch
sequences, which appear as two parallel tracks for log(g)< 2.25.
Finally, the overdensity located around Teff ∼ 5000 K and
2.50< log(g)< 2.80 corresponds, as mentioned above, to the
evolutionary sequence of young stars of about less than 1 Gyr
(cf. Gaia Collaboration 2023a for a more detailed analysis of
these stars tracing the disc spiral arms). This will put important
constraints on stellar evolution models, and specifically on the
mass and metallicity dependencies of the red clump, the RGB
bump, and the RGB and AGB behaviours.

Figure 24 shows the ANN results for the same stars,
after imposing that the first eight quality flags in Sect. 8 be
equal to zero and the four parameter calibrations proposed in
Sect. 9.2. On one hand, a general agreement is observed with
respect to MatisseGauguin. In particular, a well-defined Red
Clump and a comparable metallicity trend for giant stars are
observed, although with a higher dispersion and an underabun-
dance of metal-poor stars in ANN results ([M/H]≤ –1.0 dex,
partly explainable by the temperature cut in the cool regime due
to calibration boundaries). On the other hand, the metallicity
and [α/Fe] distributions differ from the MatisseGauguin one for
dwarf stars, presenting an unexpected trend with gravity. Despite
the higher dispersion of ANN parameters, its overall agreement
with MatisseGauguin brings support to the coherence of the two
methodologically independent analyses.

Additionally, Fig. 25 shows the [α/Fe] versus [M/H] dis-
tribution from the MatisseGauguin analysis for the selected
high-S/N spectra, applying the suggested cuts in log(g) for the
[α/Fe] calibration and imposing Teff ≤ 6000 K and vbroad ≤
10 km s−1. These last two filters help to control the quality
of the [α/Fe] by reducing second-order temperature trends and
refining the filtering performed by the vbroadT , vbroadG, and
vbroadM flags. The halo and disc sequences can be observed,
with the thick disc sequence joining the thin disc one at a
metallicity of around −0.4 dex. It is also worth noting that, as
expected from chemical evolution models, the thin disc sequence
continues to decrease at supersolar metallicities. As shown in

Fig. 25. [α/Fe] versus [M/H] for the same MatisseGauguin stars as in
Fig. 22 but applying the recommended gravity interval for the calibra-
tion (Table 4) and imposing Teff ≤ 6000 K and vbroad ≤ 10 km s−1.

Gaia Collaboration (2023a), the [α/Fe] clearly correlates with
the kinematical properties of stellar populations. Moreover, the
Gaia-Enceladus sequence of accreted stars (Helmi et al. 2018) is
also distinguishable (lower [α/Fe] values than those for typical
thick discs and halos in the metal-poor regime). Finally, a group
of low-[α/Fe] stars at a metallicity of about [M/H]∼ –0.4 dex is
also visible. This corresponds to young massive stars in the spi-
ral arms (for a discussion about the chemical properties of these
stars see, Gaia Collaboration 2023a). It is worth noting that,
as mentioned in Sect. 9, GSP-Spec [α/Fe] estimates are domi-
nated by the [Ca/Fe] abundance. We refer to Gaia Collaboration
(2023a) for a detailed illustration of individual α-element abun-
dances, including Mg, Ca, Si, S, and Ti, as well as other chemical
species including N, iron-peak elements, and heavy elements.

10.5. Parametrisation of extremely metal-poor stars

Metal-poor stars are relics of the most ancient formation epochs
of the Milky Way, and in particular, they are crucial for disen-
tangling the sequence of satellite mergers contributing to the
Galaxy build-up (e.g. Helmi 2020). For this reason, they are
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Fig. 26. Metallicity distributions for the MatisseGauguin parametrised
stars. The light-blue histogram refers to the whole sample without any
filtering. The medium-blue histogram presents a very strict filtering
selecting stars with the best derived metallicities (see associated text
for more details).

the priviledged targets of several spectroscopic surveys from the
ground like Pristine (Starkenburg et al. 2017). However, the lack
of spectral signatures in metal-poor spectra reduces the infor-
mation on the stellar parameters, increasing the uncertainties
and making their parametrisation challenging. In the following,
we illustrate the GSP-Spec capabilities to parametrise not only
metal-poor, but also ultra-metal-poor ([M/H]<−3.0 dex) stars,
providing suggestions on the necessary filters to apply.

Figure 26 shows the GSP-Spec MatisseGauguin metallic-
ity distribution in a logarithmic scale. The light-blue histogram
refers to the complete sample without any quality filtering. In
this distribution, which is useful for a rough stellar selection,
there are about 66 000 stars with [M/H]≤−2.0 dex. It is never-
theless observed that the profile of the histogram is unexpectedly
flat in the ultra-metal-poor regime. This is due to the Teff limi-
tations of the GSP-Spec reference spectra grid (Teff ≤ 8000 K)
inducing a Teff–[M/H] degeneracy. This problem can be sat-
isfactorily resolved, as shown by the medium-blue histogram,
by (i) disregarding the [M/H] values for stars with the first
six characters of the GSP-Spec flagging chain ≥2, which lim-
its the parameterisation biases, (ii) filtering out the metallici-
ties of stars with extrapol flag (eighth character of the flagging
chain) ≥3, which limits the extrapolation issues, (iii) eliminating
the ultra-metal-poor stars hotter than 6000 K, which conserva-
tively filters out metallicities with unreliable uncertainties due
to border effects (in Teff and [M/H]), and (iv) filtering out pos-
sible remaining GSP-Spec misclassifications of very hot stars
with stellar types O and B as estimated by the Extended Stel-
lar Parameteriser of Hot Stars (ESP-HS) and reported in the
AstrophysicalParameters table as spectraltype_esphs. To com-
plete the previous filters, which are optimised for the very metal-
poor regime, the medium-blue histogram of Fig. 26 filters out the
metallicities of stars with Teff < 3500 or log(g)> 4.9 or KMgiant-
Par> 0. The filtering implemeted by the KMgiantPar flag, which
controls the quality of the parameterisation of very cool giants,
can be slightly extended, as reported in Gaia Collaboration
(2023a), disregarding the metallicity of stars with Teff < 4150 K
and 2.4< log(g)< 3.8. Thanks to these different quality filters,
the medium-blue histogram presented in Fig. 26 recovers the
expected decrease in the number of stars in the very metal-poor
regime, reporting only very reliable results within the corre-

sponding uncertainties. Among these, there are about 300 with
[M/H]< –2.5 dex and about 40 stars with [M/H]< –3.0 dex.

To confirm that GSP-Spec is indeed able to correctly esti-
mate the parameters of very metal-poor and ultra-metal-poor
stars, we show the RVS spectrum of two of them, which were
randomly chosen among the highest S/N spectra (Figs. 27
and 28). The very few lines present in these spectra are extremely
weak (except those of Ca ii) and, as a consequence, no individ-
ual abundances were derived for both stars. [M/H] is therefore
estimated only from very few available weak calcium or iron
lines. The careful visual inspection of the synthetic spectra fit of
the corresponding RVS spectra corroborates the very metal-poor
nature of both stars.

We first validated the atmospheric parameters of Gaia DR3
6268770373590148224 (Fig. 27, [M/H] = –3.19 dex) by com-
puting several synthetic spectra with parameters found within
the upper and lower MatisseGauguin uncertainties, i.e. between
5097 and 5456 dex for Teff and [2.38, 2.76] for log(g). The
parameter values are confirmed within the uncertainties. The
global fit is excellent and [M/H] is indeed found between the
published range [−3.6, −2.7]. We note again that this rather large
range of [M/H] is caused by the quasi absence of lines in its RVS
spectrum. We also checked the literature for this star and found
it to be known as the peculiar star HD 140283, already stud-
ied in several articles, the first one going back about 70 years
(Chamberlain & Aller 1951). Its most recent published param-
eters seem to converge towards a slightly hotter star with the
majority of published [M/H] being found around −2.5 dex, in
agreement with our estimates taking into account the literature
error bars. Its [α/Fe] value of 0.56 dex and its kinematical param-
eters (a Galactic azimuthal velocity of ∼29 km s−1, as taken from
Gaia Collaboration 2023a) make this star a typical halo represen-
tative.

The second example, Gaia DR3 6477295296414847232, is
shown in Fig. 28. This star has [M/H] =−3.52 dex (and confi-
dence values between −3.94 dex and −3.17 dex), a Teff of 4994 K
(with confidence values between 4781 K and 5071 K) and a
log(g) of 2.13 (with confidence values between 1.5 and 2.26).
Again, this parameterisation is confirmed by visual inspec-
tion of the spectrum fit in Fig. 28. Additionally, to exclude
[M/H] values higher than the reported upper confidence level
([M/H] =–3.07 dex), Fig. 28 includes a synthetic spectrum (in
orange) corresponding to [M/H] = –2.5 dex, which clearly over-
estimates the CaII and Fe lines depth and width and confirms that
a lower metallicity is required, as in the one estimated by GSP-
Spec. Finally, the literature inspection of this object, identified
as the peculiar star HD 2000654, leads to 23 different metal-
licity estimates with a median value of −2.9 dex± 0.25 dex,
in agreement with our results. It is interesting to note that
Roederer et al. (2014) and Hansen et al. (2018) classify this star
has an r-process enhanced object of r–I type, with a metal-
licity of −3.13 dex and −2.91 dex, respectively. In addition,
based on high-resolution spectra, Roederer et al. (2014) reports
a [Ca/Fe] = 0.47 dex± 0.17 in agreement with our calibrated
[α/Fe] = 0.62 dex, a carbon abundance of [C/Fe] = 0.31 dex,
and a nitrogen abundance of [N/Fe] =−0.4 dex. More recently,
Placco et al. (2018), using medium-resolution spectra, classify
this star as a CEMP-II object, with a carbon enhancement
of [C/Fe] = 0.71 dex. It is important to remark that no sign
of carbon enhancement, perturbing the metallicity estimate, is
present in the RVS spectra due to the absence of CH molecular
lines. In summary, the literature results again validate the GSP-
Spec parameterisation of this ultra-metal-poor star, including its
[α/Fe] estimates.
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Fig. 27. RVS spectrum (blue histogram) of the very metal-poor star Gaia DR3 6268770373590148224 whose MatisseGauguin atmospheric
parameters are Teff = 5331 K, log(g) = 2.54, [M/H] =−3.19 dex, and [α/Fe] = 0.56 dex (S/N = 419). The model spectra correspond to the lower and
upper [M/H] values (−3.60 and −2.71 dex in orange and green, respectively). No rotational profile was applied (suspected low-rotating star). See
text for more details.

Fig. 28. RVS spectrum (blue histogram) of the ultra-metal-poor star Gaia DR3 6477295296414847232 whose MatisseGauguin atmospheric
parameters are Teff = 4994 K log(g) = 2.13, [M/H] =−3.52 dex, and [α/Fe] = 0.68 dex (S/N = 236). The model spectra correspond to the lower
and upper [M/H] values (−3.52 and −3.07 dex in black and orange, respectively). A spectrum with [M/H] =−2.5 dex is also shown (red line) to
definitively exclude such higher metallicities. No rotational profiles were considered.

11. Summary and conclusions

Here, we summarise the stellar parametrisation of Gaia RVS
spectra performed by the GSP-Spec module and published as
part of Gaia DR3. The goals, the input data, the used method-
ologies, and the validation are presented in detail. The resulting
catalogues are published in the AstrophysicalParameters table
(for the GSP-Spec MatisseGauguin workflow, including stel-

lar atmospheric parameters, individual chemical abundances, a
cyanogen differential EW, and DIB feature parameters), and in
the AstrophysicalParametersSupp (for the ANN workflow pro-
viding atmospheric parameters). The GSP-Spec catalogue flags
are also carefully defined and guidance for their use is illus-
trated with examples. We highly recommend future users of the
GSP-Spec parameters to adopt these flags for their specific sci-
ence cases.

A29, page 26 of 43



Recio-Blanco, A., et al.: A&A 674, A29 (2023)

With about 5.6 million stars, the Gaia DR3 GSP-Spec all-sky
catalogue is the largest compilation of stellar chemo-physical
parameters ever published and the first of its kind based on
data acquired in space. The extreme homogeneity of the anal-
ysis combined with continuous data collection for almost three
years enable a careful spectroscopic data reduction, a detailed
modelling of systematic errors, and consequently, higher num-
ber statistics and a parametrisation quality that is comparable to
that of ground-based surveys of higher spectral resolution and
wavelength coverage.

GSP-Spec parameters open new horizons in stellar, Galac-
tic, and insterstellar medium studies. In addition to the sci-
entific performance analysis of GSP-Spec data published in
Gaia Collaboration (2023a,b), we illustrate the precision of the
parameters here with (i) the colour–temperature relation, (ii) the
Kiel diagrams and the [α/Fe] vs. [M/H] distribution in the high-
S/N regime (S/N > 150, more than 2 million stars), (iii) our
ability to disentangle different evolutionary stages of giant stars
that are extremely close-by in the parameter space (RGB/AGB,
bump/clump), and finally, (iv) a demonstration of the capability
of GSP-Spec in the challenging parametrisation of metal-poor and
extremely metal-poor stars.

Finally, it is worth noting that, as GSP-Spec is one of the
parametrisation modules activated at the end of the DPAC analy-
sis chain, this Gaia third data release is actually the first GSP-Spec
data release. The acquired experience will benefit future releases,
for which the number of parametrised stars will be a factor of ten
larger (∼50 million stars) as a result of the spectra S/N increase
with observing time. It is important to note that the present data
set is already at least a factor 8 larger than previous individual
ground-based catalogues and a factor 3 larger than their very het-
erogeneous joint compilation. GSP-Spec is therefore exploring
Galactic regions that we had previously only hypothesised from
models (based on low number statistics). Thanks to the Gaia RVS
GSP-Spec chemo-physical parametrisation, we now have a priv-
ileged view of the sky from beyond Earth.
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Appendix A: GSP-Spec and radial velocities

The number of stars missing radial velocities (VRad) for different
GSP-Spec parameters are provided in Table A.1. Parameters not
listed are not missing any VRad.

Table A.1. GSP-Spec and radial velocity statistics.

GSP-Spec parameter # stars missing VRad

teff_gspspec 95
logg_gspspec 95
mh_gspspec 84
alphafe_gspspec 83
fem_gspspec 9
sife_gspspec 6
cafe_gspspec 6
mgfe_gspspec 2
feiim_gspspec 2
sfe_gspspec 6

Appendix B: Atomic lines selected for the chemical
analysis

This Appendix introduces the list of selected lines used in the
determination of the chemical abundances. In Table B.1, we
summarise the reference wavelength value of each atomic line,
as well as the wavelength ranges considered for its abundance
determination and second normalisation windows. We note that
the reference wavelength (col. 2) can differ from the vacuum
wavelength of the analysed atomic line in case of multiplets or
broad lines. For instance, for the Ca ii IR triplet transitions at
850.036, 854.444, and 866.452 nm, two Ca abundances have
been derived from the wings of each line to avoid the line core
that could not be well modelled. In those cases, col. 2 refers to
one of the Ca ii wings.

The following lines (denoted by an asterisk in Table B.1)
have multiple lines within the same abundance determina-
tion window: (855.913, 855.916) for Si i; (867.082, 867.258,
867.297, 867.366) and (869.632, 869.701) for S i; (852.037,
852.069) for Ti i; (848.283, 848.296, 848.431), (851.641,
851.745, 851.751), (852.738, 852.901, 853.020) and (868.916,
869.101) for Fe i19; (851.368, 851.381, 851.375) for Ce ii. For
the Fe ii line measured in hot star spectra (see Sect. 8.7.2), some
blends of weak Fe i transitions may be present in cooler star
spectra.

19 Only the strongest transitions are provided for iron.

Table B.1. List of the atomic lines adopted for the determination of indi-
vidual chemical abundances by GSP-Spec. Col. 2 refers to the reference
wavelength of the analysed lines (see text for details). The abundance
determination window corresponds to the interval [λ−ab, λ

+
ab] (third and

fourth column, respectively) while the refined normalisation window
includes the wavelength range [λ−norm, λ

+
norm] (fifth and sixth column,

respectively). All the wavelengths are in nanometres and in the vacuum.

Elt λ λ−ab λ+
ab λ−norm λ+

norm

N i 863.161 863.071 863.281 862.891 863.371
N i 868.579 868.489 868.699 868.309 868.939

Mg i 847.602 847.512 847.692 847.212 847.812
Si i 853.851 853.731 853.941 853.371 854.961
∗Si i 855.916 855.856 856.036 855.376 856.156
Si i 868.872 868.782 868.992 868.602 869.232
∗S i 867.258 866.988 867.378 866.898 867.998
∗S i 869.701 869.551 869.821 869.281 869.971
Ca i 863.631 863.511 863.691 863.361 863.931
Ca ii 849.856 849.706 849.976 849.586 850.276
Ca ii 850.216 850.156 850.276 849.886 850.306
Ca ii 854.264 854.114 854.384 853.544 854.864
Ca ii 854.624 854.564 854.744 854.294 854.804
Ca ii 866.272 866.152 866.332 866.002 866.572
Ca ii 866.632 866.512 866.692 866.302 866.782
∗Ti i 852.069 851.979 852.129 851.799 852.249
Ti i 857.209 857.119 857.269 856.999 857.359
Ti i 869.472 869.382 869.562 869.292 869.832
Cr i 855.118 855.058 855.208 854.878 855.478
Cr i 864.567 864.447 864.627 864.207 864.867
∗Fe i 848.296 848.206 848.446 847.666 848.896
∗Fe i 851.641 851.551 851.851 851.281 852.001
∗Fe i 852.901 852.691 853.081 852.481 853.321
Fe i 857.416 857.296 857.506 856.876 858.166
Fe i 858.462 858.312 858.612 858.132 858.762
Fe i 862.397 862.277 862.517 862.127 862.697
Fe i 867.713 867.593 867.863 867.443 868.013
∗Fe i 869.101 868.891 869.191 868.441 869.821
Fe ii 858.794 858.764 858.824 858.254 859.274
Ni i 863.937 863.847 864.027 863.697 864.147
Zr ii 852.748 852.658 852.838 852.388 853.018
∗Ce ii 851.375 851.285 851.465 851.015 851.555
Nd ii 859.389 859.299 859.479 859.209 859.689
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Appendix C: Definition of the GSP-Spec flags

The following tables include the detailed definition of the indi-
vidual characters in the GSP-Spec quality flag chain presented
in Table 2. In addition, Fig. C.1 illustrates the implemented
modelling of parameter biases induced by rotational broaden-
ing, leading to the definition of vbroadT, vbroadG and vbroadM
quality flags (cf. Sec. 8.1 and Table C.1). The particular case
of effective temperature biases is illustrated. Finally, Fig. C.2
presents the validation flow chart associated with the definition
of quality flags for the DIB parametrisation (cf. Sect. 8.9 and
Table C.13).

Table C.1. Definition of the parameter flags considering potential biases
due to rotational velocity and/or macroturbulence. These flags are part
of the flags_gspspec string chain defined in Table 2.

Flag Condition Flag value
name

vbroadT

∆Teff>2000 K Filtered all
500< ∆Teff≤2000 K Flag 2
250< ∆Teff≤500 K Flag 1

∆Teff≤250 K Flag 0

vbroadG

∆logg>2 dex Filter all except Teff

& DIB if Teff>7000 K
Flag 9

1< ∆logg≤2 dex Flag 2
0.5< ∆logg≤1 dex Flag 1

∆logg≤0.5 dex Flag 0

vbroadM

∆[M/H]>2 dex Filter [M/H] & [X/Fe]
Flag 9

0.5< ∆[M/H]≤2 dex Flag 2
0.25< ∆[M/H]≤0.5 dex Flag 1

∆[M/H]≤0.25 dex Flag 0

Table C.2. Same as Table C.1 but for the potential biases due to uncer-
tainties in the radial velocity shift correction (see also Table 2).

Flag Condition Flag value
name

vradT

∆Teff>2000 K Filter all
500< ∆Teff≤2000 K Flag 2
250< ∆Teff≤500 K Flag 1

∆Teff≤250 K Flag 0

vradG

∆logg>2 dex Filter all except Teff

& DIB if Teff>7000 K
Flag 9

1< ∆logg≤2 dex Flag 2
0.5< ∆logg≤1 dex Flag 1

∆logg≤0.5 dex Flag 0

vradM

∆[M/H]>2 dex Filter [M/H] & [X/Fe]
Flag 9

0.5< ∆[M/H]≤2 dex Flag 2
0.25< ∆[M/H]≤0.5 dex Flag 1

∆[M/H]≤0.25 dex Flag 0

Table C.3. Definition of the parameter flags considering potential biases
due to uncertainties in the RVS flux (MatisseGauguin parametrisation;
see also Table 2).

Flag Condition Flag value
name

σTeff>2000 K or Filter all
σlogg>2 dex Flag 9

σTeff≤2000 K and Filter [M/H]
σlogg≤2 dex and & [X/Fe]
σ[M/H]>2 dex Flag 5

σTeff≤2000 K and Filter [α/Fe]
σlogg≤2 dex and & [X/Fe]
σ[M/H]≤2 dex and Flag 4
σ[α/Fe]>0.8 dex

500< σTeff≤2000 K and

Flag 31< σlogg≤2 dex and
fluxNoise 0.5< σ[M/H]≤2 dex and

0.2< σ[α/Fe]≤0.8 dex
250< σTeff≤500 K and

Flag 20.5< σlogg≤1 dex and
0.25< σ[M/H]≤0.5 dex and

0.1< σ[α/Fe]≤0.2 dex
100< σTeff≤250 K and

Flag 10.2< σlogg≤0.5 dex and
0.1< σ[M/H]≤0.25 dex and

0.05< σ[α/Fe]≤0.1 dex
σTeff≤100 K and

Flag 0σlogg≤0.2 dex and
σ[M/H]≤0.1 dex and
σ[α/Fe]≤0.05 dex

Table C.4. Same as Table C.3 but for the ANN parametrisation.

ANN fluxNoise
Condition Value

σTeff> 525 K or σlog(g)>0.9 or Flag 9
σ[M/H]>0.5 or σ[α/Fe]< 0.16 dex
225< σTeff≤525 K and

Flag 30.4< σlog(g)≤0.9 or
0.19< σ[M/H]≤0.5 dex or
0.09< σ[α/Fe]≤0.16 dex
140< σTeff≤225 K and

Flag 20.3< σlog(g)≤0.4 or
0.12< σ[M/H]≤0.19 dex or
0.06< σ[α/Fe]≤0.09 dex
100< σTeff≤140 K and

Flag 10.24< σlog(g)≤0.3 or
0.09< σ[M/H]≤0.12 dex or
0.05< σ[α/Fe]≤0.06 dex
σTeff≤100 K and σlog(g)≤0.24 and Flag 0
σ[M/H]≤0.09 dex and σ[α/Fe]≤0.05 dex
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Fig. C.1. Limiting V sin i values (colour code) leading to a bias of 250< ∆Teff≤500 K in the GSP-Spec parametrisation. This has been used to
estimate the third-order polynomial with Teff , log(g), and [M/H] as variables used to define the vbroadT flag (equal to 1 in this example). The
[M/H] values for each panel are indicated in their upper right corner.

EXIT
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(b)(d)(i)
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(b)(c)(e)(i)
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Fig. C.2. Flow chart of the different values for the DIB quality flag. See
associated text in Sect. 8.9.
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Table C.5. Definition of parameter flags considering potential biases
due to extrapolated parameters (MatisseGauguin parametrisation, see
also Table 2).

Flag Condition Flag value
name

go f =NaN and Filter all
(Teff>9000 K or except DIB
Teff<2500 K or if Teff>7000 K

logg>6 or Flag 9
logg<-1 )

go f =NaN and
2500≤Teff≤9000 K and Filter

-1≤logg≤6 and [M/H],[X/Fe]
([M/H]<-6 dex or Flag 4
[M/H]>1.5 dex )
go f =NaN and

2500≤Teff<9000 K and
extrapol -1≤logg≤6 and Filter [X/Fe]

-6≤[M/H]≤1.5 dex and Flag 3
[α/Fe] out from standard by ± 0.8

go f =NaN and

Flag 2
2500≤Teff≤9000 K and

-1≤logg≤6 dex and
-6≤[M/H]≤1.5 and

[α/Fe] within ± 0.8 from standard
go f ,NaN and

Flag 1
(Teff≥7625 or Teff≤3500 K or

logg≥4.75 or logg≤0.25 or
[M/H]≤-3 or [M/H]≥0.75 dex or
[α/Fe] out from standard by ± 0.35)

go f ,NaN and

Flag 0
3500<Teff<7625 K and

0.25<logg<4.75 and
-3<[M/H]<0.75 dex and

[α/Fe] within ± 0.35 from standard

Table C.6. Same as Table C.5 but for the ANN parametrisation.

ANN extrapol
Condition Value

Teff>8320 K or Teff<3680 K or

Flag 9log(g)>6.0 or log(g)<-1.0 or
[M/H]>1.3 dex or [M/H]<-5.3 dex or
[α/Fe]>1.0 dex or [α/Fe]<-0.6 dex
7680<Teff≤8320 K or

Flag 1

3680≤Teff<4320 K or
4.9<log(g)≤6.0 or
-1.0≤log(g)<0.06 or
0.6<[M/H]≤1.4 dex or
-5.3≤[M/H]<-4.6 dex or
0.6<[α/Fe]≤1.0 dex or
-0.5≤[α/Fe]<0.2 dex
4320≤Teff≤7680 K and

Flag 00.06≤log(g)≤4.9 and
-4.6≤[M/H]≤0.6 dex and
-0.2≤[α/Fe]≤0.6 dex

Table C.7. Definition of parameter flags considering RVS flux issues or
emission line probability (see also Table 2).

Flag Condition Flag value
name

Flux=NaN Filter all
nanFlux except DIB if Teff>7000 K

Flag 9

CU6_is_emission Filter all
emission except DIB if Teff>7000 K

Flag 9

negFlux

> 2 wlp Filter all
with flux<0 except DIB if Teff>7000 K

Flag 9
1 or 2 wlp Flag 1with flux<0

flux>0 Flag 0

nullFluxErr

σTeff=0 K or
σlogg=0 dex or Filter all
σ[M/H]=0 dex or Flag 9
σ[α/Fe]=0 dex

Table C.8. Definition of the parameter flag considering problems in the
paramerisation of KM-type giants. Fmin is the minimum flux value in
the corresponding RVS spectrum (see also Table 2).

Flag Condition Flag value
name

KM-type

Teff<4000 K and log(g)<3.5 Flag 2

stars

and (go f >-3.0 and Fmin >0.22) Filter [α/Fe]
Teff<4000 K and log(g)<3.5

and [ (-3.4< go f <-3.0) Flag 1
or (go f >-3.0 and Fmin <0.22) Filter [α/Fe]

or (go f <-3.4 and Fmin >0.22) ]
[ Teff<4000 K and log(g)<3.5 Flag 0and (go f <-3.4 or Fmin <0.22) ]

or Teff>4000 or log(g)>3.5
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Table C.9. Definition of individual abundance upper limit flags (see Table 2). Xfe_gspspec_upper is the upper confidence value of the abundance
(corresponding to the 84th quantile of the Monte-Carlo distribution). σ[X/Fe] is the 84th-16th interquantile abundance uncertainty. XfeUpperLimit
is the mean value of the abundance upper limit for the considered lines of the X-element in the spectrum (depending on the mean S/N in the line
wlp and the stellar parameters). X_MAD_UpperLimit is the median absolute deviation of upper limit in the line wlp. Finally, the c-coefficients are
reported in Table C.11.

Flag Condition Flag value
name

vbroadT≥2 or vbroadG≥2
or vbroadM≥2 or σ[X/Fe] = 0

or (Xfe_gspspec_upper - Xfe_gspspec) = 0
or Teff≤c1 or Teff≥c2 Flag 9
or logg≤c3 or logg≥c4 Filter [X/Fe]

or ( (2 - XfeUpperLimit) / σ[X/Fe] )≤c5
or (S/N≤c6 and gof≥c7)

or (Xfe_gspspec + [M/H])≤c8
vbroadT<2 and vbroadG<2

and vbroadM<2 and σ[X/Fe] != 0
and (Xfe_gspspec_upper - Xfe_gspspec) != 0

and c1<Teff<c2
and c3<logg<c4 Flag 2

and ( (2 - XfeUpperLimit) / σ[X/Fe] )>c5
and (S/N>c6 or gof<c7)

XUpLim and (Xfe_gspspec + [M/H])<c8
and ( (Xfe_gspspec - XfeUpperLimit) / (1.48·X_MAD_UpperLimit) )<1.5

vbroadT<2 and vbroadG<2
and vbroadM<2 and σ[X/Fe] != 0

and ( Xfe_gspspec_upper- Xfe_gspspec) != 0
and c1<Teff<c2
and c3<logg<c4 Flag 1

and ( (2 - XfeUpperLimit) / σ[X/Fe] )>c5
and (S/N>c6 or gof<c7)

and (Xfe_gspspec+[M/H])<c8
and 1.5≤( (Xfe_gspspec - XfeUpperLimit) / (1.48·X_MAD_UpperLimit) )<2.5

vbroadT<2 and vbroadG<2
and vbroadM<2 and σ[X/Fe] != 0

and (Xfe_gspspec_upper - Xfe_gspspec) != 0
and c1<Teff<c2
and c3<logg<c4 Flag 0

and ( (2 - XfeUpperLimit) / σ[X/Fe] )>c5
and (S/N>c6 or gof<c7)

and ( Xfe_gspspec + [M/H])<c8
and ( (Xfe_gspspec - XfeUpperLimit) / (1.48·X_MAD_UpperLimit) )≥2.5
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Table C.10. Definition of individual abundance uncertainty flags (see Table 2). Xfe_gspspec_upper is the upper confidence value of the abundance
(corresponding to the 84th quantile of the Monte-Carlo distribution). σ[X/Fe] is the 84th-16th interquantile abundance uncertainty. XfeUpperLimit
is the mean value of the abundance upper limit for the considered lines of the X-element in the spectrum (depending on the mean S/N in the line
wlp and the stellar parameters). Finally, the c-coefficients are reported in Table C.11.

Flag Condition Flag value
name

vbroadT≥2 or vbroadG≥2
or vbroadM≥2 or σ[X/Fe]=0

or (Xfe_gspspec_upper - Xfe_gspspec) = 0
or Teff≤c1 or Teff≥c2 Flag 9
or logg≤c3 or logg≥c4 Filter [X/Fe]

or ( (2-XfeUpperLimit) / σ[X/Fe] )≤c5
or (S/N≤c6 and gof≥c7)

or (Xfe_gspspec + [M/H])≤c8
vbroadT<2 and vbroadG<2

and vbroadM<2 and σ[X/Fe] != 0
and (Xfe_gspspec_upper - Xfe_gspspec) != 0 Flag 2

and c1<Teff<c2 and c3<logg<c4
and c5<( (2 - XfeUpperLimit) / σ[X/Fe] )<7

and (S/N>c6 or gof<c7)
XUncer and (Xfe_gspspec + [M/H])<c8

vbroadT<2 and vbroadG<2
and vbroadM<2 and σ[X/Fe] != 0

and (Xfe_gspspec_upper - Xfe_gspspec) != 0
and c1<Teff<c2 and c3<logg<c4 Flag 1

and 7 ≤ ( (2 - XfeUpperLimit) / σ[X/Fe] ) < 10
and (S/N>c6 or gof<c7)

and (Xfe_gspspec + [M/H])<c8
vbroadT<2 and vbroadG<2

and vbroadM<2 and σ[X/Fe] != 0
and (Xfe_gspspec_upper - Xfe_gspspec) != 0

and c1<Teff<c2 and c3<logg<c4 Flag 0
and ( (2 - XfeUpperLimit) / σ[X/Fe] ) ≥ 10

and (S/N>c6 or gof<c7)
and (Xfe_gspspec + [M/H])<c8

Table C.11. Coefficients for individual chemical abundance filtering (see [X/Fe] upperLimit flag and σ[X/Fe] quality flag in Table C.9 and C.10,
respectively).

Chemical abundance c1 c2 c3 c4 c5 c6 c7 c8
[N/Fe] 4200 8000 0.0 5.5 4.5 100 -3.6 99
[Mg/Fe] 3500 8000 -1.0 5.5 5.5 80 -3.5 99
[Si/Fe] 4000 8000 -1.0 5.5 6.0 110 -3.8 99
[S/Fe] 5500 8000 3.0 5.5 5.0 120 -3.7 99
[Ca/Fe] 3500 8000 -1.0 5.5 10.0 60 -3.2 99
[Ti/Fe] 4000 6500 -1.0 5.5 6.0 110 -3.65 99
[Cr/Fe] 3500 6000 -1.0 5.5 6.0 1000 -3.65 1.5
[Fe i/M] 3500 8000 -1.0 5.5 5.0 1000 -3.4 1.5
[Fe ii/M] 5700 8000 3.5 5.5 5.0 70 -3.5 1.5
[Ni/Fe] 4000 6500 -1.0 5.5 6.0 100 -3.6 1.5
[Zr/Fe] 3500 8000 -1.0 5.5 1.0 100 -3.4 99
[Ce/Fe] 3500 8000 -1.0 5.5 5.0 100 -3.5 99
[Nd/Fe] 3500 5500 -1.0 5.5 2.0 100 -3.5 99
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Table C.12. Definition of the quality flag of the CN differential EW
with respect to the solar C and N abundances.

Flag Condition Flag value
name

vbroadT≥1 or vbroadG≥1
or vbroadM≥1 or CN_EW_err = 0

or S/N ≤ 80 or go f≥-3.5 Flag 9
or Teff≥4800 K or log(g)≥3.8 Filter
or |CN_p1 - 849.037|≥0.05 CN

DeltaCNq or CN_p2≥0.25
vbroadT<1 and vbroadG<1

Flag 0

and vbroadM<1 and CN_EW_err != 0
and S/N > 80 and go f <-3.5

and Teff<4800 K and log(g)<3.8
and |CN_p1 - 849.037|<0.05

and CN_p2<0.25

Table C.13. Definition of the quality flag for the DIB parameterisation.
See Sect. 8.9 for the definition of Ra and Rb.

Flag Condition Flag value
name

S/N≤70 or Vrad_err > 5 km.s−1

or Teff<3 500 K or Teff>105 K Flag 9
or Σi RVS_Fluxi < 0 Filter DIB

or p0 < 3/(S/N)
p1 < 861.66 nm

Flag 5or p1 > 862.81 nm
or p0 > 0.015 nm

861.66 nm < p1 < 862.81 nm
Flag 4and p0 < Rb

and 0.6 < p2 < 1.2
DIBq 861.66 nm < p1 < 862.81 nm

Flag 3and p0>Rb
and 0.6<p2<1.2

861.66 nm < p1 < 862.81 nm
Flag 2and p0 > max(Ra,Rb)

and 0.6<p2<1.2
861.66 nm < p1 < 862.81 nm

Flag 1and p0 > Rb
and 1.2<p2<3.2

861.66 nm < p1 < 862.81 nm
Flag 0and p0 > max(Ra,Rb)

and 1.2<p2<3.2

Appendix D: Bias comparisons per survey for
MatisseGauguin parameters

Here, we perform a similar analysis to that shown in Sect. 9.1.1,
but we investigate how the individual surveys compare with
GSP-Spec. First of all, Figure D.1 presents a cumulative his-
togram of the RVS spectra S/N for the selected compari-
son samples between GSP-Spec MatisseGauguin and RAVE-
DR6, GALAH-DR3, and APOGEE-DR17. As expected from
the selection functions of the different ground-based surveys,
RAVE-DR6 targets have RVS spectra with higher S/N values
than GALAH-DR3 or APOGEE-DR17.

Figure D.2 is the equivalent to Fig. 11, showing only the
99 and 66 percent contour lines for RAVE-DR6 (in black),
GALAH-DR3 (in red), and APOGEE-DR17 in blue. Table D.1

Fig. D.1. Cumulative histogram of RVS S/N for the selected compari-
son sample between GSP-Spec MatisseGauguin and three ground-based
surveys: RAVE-DR6, GALAH-DR3, APOGEE-DR17. Table D.1 pro-
vides the median values and standard deviation per survey.

quantifies the comparisons, by showing the median offset (GSP-
Spec – reference) as well as the robust sigma before and after the
calibration for each survey. One can see that trends are similar
no matter the reference catalogue, and that the biases are signifi-
cantly decreased when using the calibrated values. It is important
to note here that RVS-RAVE targets benefit from a higher S/N
with respect to those of RVS-GALAH and RVS-APOGEE.

Finally, we investigated how GSP-Spec MatisseGauguin and
the literature uncertainties compare to the observed parameter
differences. To this purpose, Figure D.3 shows, in blue, the his-
tograms of the Teff (left column), log(g) (middle column), and
[M/H] (right column) differences with respect to RAVE-DR6
(upper row), GALAH-DR3 (middle row), and APOGEE-DR17
(lower row). GSP-Spec MatisseGauguin log(g) and [M/H] values
are calibrated. These parameter differences are normalised by the
total uncertainty (defined as the quadratic sum of the GSP-Spec
and the survey’s uncertainties). The dotted histograms show the
same distributions inflating the reported uncertainties by a fac-
tor of 4. Additionally, the red curves show a normal distribu-
tion of unit dispersion and zero mean. An unbiased parameter
estimation with correct uncertainties should follow this distri-
bution. Regarding the effective temperature, the reported uncer-
tainties from both GSP-Spec and the literature seem to corre-
spond to the observed differences (with some uncertainty over-
estimation for the RVS-GALAH sample). Regarding log(g), the
situation differs from one survey to another. While the agree-
ment between GSP-Spec MatisseGauguin and GALAH is good
and the reported uncertainties appear overestimated again, the
comparison with RAVE and APOGEE suggests that the reported
uncertainties are underestimated by a factor of 2 or 3 (the factor
4 is excluded by the normal distribution). Finally, the right col-
umn histograms show that [M/H] uncertainties are coherent with
the observed differences between GSP-Spec and RAVE. How-
ever, [M/H] uncertainties from GSP-Spec or the GALAH/A-
POGEE reference or both seem underestimated by about a factor
of 4. While in these examples, we only illustrate the impact of
artificially inflating GSP-Spec uncertainties (through the dotted
histograms), it cannot be excluded that the disagreement with
respect to the normal distribution is caused by an underestima-
tion of the uncertainties reported by the literature, as possibly
suggested by the variety of situations that exist, for the same
atmospheric parameter, when comparing to different surveys.
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Fig. D.2. Similar to Fig. 11 but showing only the contour lines of the
99th and 66th percentiles for RAVE-DR6 (black), GALAH-DR3 (red),
and APOGEE-DR17 (blue).

This analysis illustrates the complexity of comparing
parametrisation results from different sources, each of them with
its own uncertainty definitions, methodological and theoreti-
cal trends, and underlying selection functions. Once again, the
importance of using a homogeneous catalogue for scientific pur-
poses rather than a compilation of different sources (even after
re-calibrations) is highlighted.
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Table D.1. Median offsets and robust sigma between GSP-Spec and individual surveys.

Teff log(g) [M/H] log(g)calibrated [M/H]calibrated RVS S/N

RAVE-DR6 (-12; 93) (-0.28; 0.19) (-0.05; 0.11) (-0.003; 0.18) (-0.05; 0.09) (94; 64)
GALAH-DR3 (20;87) (-0.26; 0.21) (0.01; 0.10) (0.003; 0.18) (-0.001; 0.10) (68; 53)
APOGEE-DR17 (-32; 86) (-0.32; 0.17) (0.04; 0.12) (-0.005; 0.15) (0.06; 0.12) (65; 80)
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Fig. D.3. Distributions of parameter differences, normalised with respect to the reported GSP-Spec and literature uncertainties. From left to right:
Teff , log(g), and [M/H] differences. From up to bottom: Differences with respect to RAVE-DR6, GALAH-DR3, and APOGEE-DR17. Dotted
histograms correspond to the same distributions inflating the uncertainties (GSP-Spec and literature) by a factor of 4. The red curve shows a
normal distribution of unit dispersion and zero mean. An unbiased parameter estimation with correct uncertainties should follow this distribution.

A29, page 37 of 43



Recio-Blanco, A., et al.: A&A 674, A29 (2023)

Appendix E: Illustration of polynomial corrections
for MatisseGauguin chemical abundances and
quantification of uncertainties

Figures E.1 and E.2 illustrate the calibrations for individual
chemical abundances and the comparison with literature data

presented in Sect. 9.1.2. In addition, the uncertainties in the poly-
nomial coefficients p1, p2, p3, and p4 provided in Table 4 are
presented in Table E.1.

Fig. E.1. Same as Fig. 14, but for individual α-elements.
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Fig. E.2. Same as Fig. 14, but for individual iron-peak elements.
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Table E.1. Uncertainties on the polynomial coefficients of Table 4.

Element δp0 δp1 δp2 δp3 δp4 extrapol flag
As a function of log(g)

[α/Fe] 0.0965 0.0960 0.0302 0.0031 0.0000 0
[Ca/Fe] 0.0750 0.0747 0.0236 0.0024 0.0000 0
[Mg/Fe] 0.2002 0.2252 0.0819 0.0095 0.0000 0
[S/Fe] 6.5357 4.7804 1.1639 0.0943 0.0000 0
[Si/Fe] 0.1491 0.1562 0.0522 0.0056 0.0000 0
[Ti/Fe] 0.0729 0.0807 0.0286 0.0032 0.0000 0
[Cr/Fe] 0.0951 0.1310 0.0571 0.0077 0.0000 0
[Fe i/H] 0.1254 0.1260 0.0401 0.0041 0.0000 0
[Fe ii/H] 13.9985 10.1731 2.4608 0.1981 0.0000 0
[Ni/Fe] 0.1829 0.1979 0.0692 0.0078 0.0000 0
[N/Fe] 0.0580 0.0716 0.0283 0.0035 0.0000 0
[α/Fe] 0.0646 0.0971 0.0524 0.0119 0.0010 ≤1
[Ca/Fe] 0.1000 0.1419 0.0726 0.0158 0.0012 ≤1

As a function of t=Teff /5750
[α/Fe] 0.5852 1.8825 2.0028 0.7049 0.0000 ≤1
[Ca/Fe] 0.7270 2.3284 2.4674 0.8655 0.0000 ≤1
[S/Fe] 0.0323 0.0300 0.0000 0.0000 0.0000 ≤1

Appendix F: Validation of ANN biases and
uncertainties as a function of S/N

As explained in Sect. 7, the ANN algorithm is trained with noisy
spectra to optimise the parametrisation in different S/N regimes.
For this reason, it is important to validate the correct behaviour
of internal and external errors as a function of S/N.

To study the internal biases and uncertainties, a parametrisa-
tion test with a random sample of 10 000 synthetic spectra in the
three S/N regimes listed in Table 1 was performed. First of all,
we studied the global behaviour of the bias as a function of S/N
and a possible dependency of the bias on the parameters them-
selves by fitting the obtained parameter XANN as a function of the
true parameter XS yn (Fig. F.1). To model this behaviour, we use
three different functions: a simple straight line, a parabola, and
a piecewise first-order polynomial function (two, three, and five
degrees of freedom, respectively) selecting as the best function
the one with the smallest Bayesian information criterion (BIC).
This process is repeated for each S/N.

In addition, for each S/N, the internal uncertainty (σinter) on
each parameter was estimated from the standard deviation of the
distribution XANN − XS yn. The internal uncertainty trends with
S/ N are shown in Figure F.2 together with the function that
best fits these points. To find this best-fit function, two possi-
ble functional relationships were considered: simple parabolic
and an inverse square root of the S/N, selecting once again the
function with the minimum BIC. It is worth noting that the pre-
ferred function is the inverse square root function in all S/N bins,
confirming the consistency of the estimations and leading to the
following equations:

σinter_Te f f = −505 + 4763/
√

S/N, (F.1)

σinter_logg = −0.9 + 8/
√

S/N, (F.2)

σinter_[M/H] = −0.6 + 5/
√

S/N, (F.3)

σinter_[α/Fe] = −0.6 + 5/
√

S/N. (F.4)

Fig. F.1. Illustration of the ANN tests with synthetic spectra to eval-
uate internal biases and uncertainties, for S/NANN =50. The estimated
Teff

ANN as a function of the true parameter Teff
S yn is shown, including

the polynomial fit modelling the observed behaviour. Similar analyses
were performed for log(g), [M/H], and [α/Fe].
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Fig. F.2. Illustration of the estimated trends on the internal ANN Te f f
uncertainty with S/N. The best fit to this trend is also shown. A similar
analysis was performed for log(g), [M/H], and [α/Fe].

Table F.1 summarises the estimated internal biases and
uncertainties as a function of S/N. As expected, internal biases
are negligible.

Finally, to complete the previous validation of the trend of
the ANN estimates with S/N, the differences with respect to the
literature (see Sect. 9.2) were examined. As a significant propor-
tion of results from the three reference surveys have an important
S/N dependence, with the lower resolution RAVE survey dom-
inating for brighter sources in the high-S/N regime, we decided
to validate the uncertainty behaviour with S/N with APOGEE
DR16 and GALAH DR3 exclusively20. Figure F.3 illustrates the
distribution of Teff differences with respect to the literature for
the five S/N regimes of the ANN training. Similar analyses were
performed for the other three atmospheric parameters and the
estimated biases and mean absolute deviations are reported in
Table F.2. The expected increase in the spread for lower S/N
regimes can be seen, validating the S/N optimisation of the ANN
algorithm.

20 These two surveys, as expected from their higher wavelength cover-
age and resolution, also show a better agreement with ANN parameters
for sources with S/N>50.
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Table F.1. ANN internal biases and uncertainties (from the mean abso-
lute deviation) in the different S/N regimes considered for the ANN
training.

S/N Teff log(g) [M/H] [α/Fe]

50 Bias -19 K -0.02 dex 0.03 dex -0.01 dex
MAD 102 K 0.16 dex 0.13 dex 0.06 dex

40 Bias 30 K -0.07 dex -0.01 dex 0.02 dex
MAD 149 K 0.25 dex 0.18 dex 0.09 dex

35 Bias 39 K -0.01 dex 0.07 dex 0.02 dex
MAD 179 K 0.31 dex 0.21 dex 0.11 dex

30 Bias -22 K -0.01 dex -0.05 dex 0.01 dex
MAD 233 K 0.41 dex 0.28 dex 0.13 dex

25 Bias -2 K -0.01 dex 0.03 dex 0.01 dex
MAD 318 K 0.56 dex 0.38 dex 0.16 dex

Table F.2. ANN biases and mean absolute deviations with respect to the
literature, in the different S/N regimes considered for the ANN training.

S/N Teff log(g) [M/H] [α/Fe]

50 Bias -162 K -0.13 dex -0.29 dex 0.07 dex
MAD 155 K 0.21 dex 0.15 dex 0.05 dex

40 Bias -89 K -0.10 dex -0.26 dex 0.10 dex
MAD 139 K 0.29 dex 0.13 dex 0.07 dex

35 Bias -38 K 0.005 dex -0.25 dex 0.12 dex
MAD 148 K 0.32 dex 0.15 dex 0.08 dex

30 Bias -6 K -0.04 dex -0.32 dex 0.11 dex
MAD 192 K 0.42 dex 0.19 dex 0.11 dex

25 Bias -98 K -0.02 dex -0.43 dex 0.09 dex
MAD 253 K 0.47 dex 0.25 dex 0.12 dex

Table F.3. Polynomial coefficients for the Teff calibration at different
S/NANN values.

S/NANN p0 p1 p2 p3

Teff 30 -834 3.13E-1 -2.53E-5
35 -1344 4.95E-1 -4.26E-5
40 3182 -2.34 5.38E-4 -3.84E-8
50 12816 -8.1 1.65E-3 -1.07E-7

After the analysis of the uncertainties, we realised that there
is a direct relation between Teff and S/N and so we decided
to propose different calibrations depending on the S/N ranges
defined in Table 1. Furthermore, we observed that the num-
ber of stars with Teff > 6000 K in the literature is statistically
insignificant, and so the calibration beyond this limit should not
be applied. For log(g), [M/H], and [α/Fe], although there is an
intrinsic relation with S/N, the global calibration proved to be the
best solution. We provide the calibration of Teff for S/NANN ∼50
in Section 9.2 and we give the polynomial coefficients for lower
S/N in Table F.3.

Fig. F.3. Error distributions for ANN estimations with respect to the
literature (Validation Source Table - VST).

Appendix G: Query examples from the Gaia Archive

G.1. MatisseGauguin parameters from the
AstrophysicalParameters table

SELECT source_id
FROM user_dr3int6.astrophysical_parameters
WHERE ((teff_gspspec>=3800) OR (logg_gspspec>=3.5))

AND ((teff_gspspec>=4150) OR (logg_gspspec>=3.6)
OR (logg_gspspec<=2.4))

Listing 1. ADQL query example with simple cuts in the limiting
parameters.

SELECT source_id
FROM user_dr3int6.astrophysical_parameters
WHERE (teff_gspspec>3500) AND (logg_gspspec>0) AND

(logg_gspspec<5) AND
((teff_gspspec_upper-teff_gspspec_lower)<750)
AND ((logg_gspspec_upper-logg_gspspec_lower)<1.)
AND ((mh_gspspec_upper-mh_gspspec_lower)<.5) AND
(teff_gspspec>=3800 OR logg_gspspec<=3.5) AND
(teff_gspspec>=4150 OR logg_gspspec<=2.4 OR
logg_gspspec>=3.6 ) AND ((flags_gspspec LIKE
"____________0%") OR (flags_gspspec LIKE
"____________1%")) AND ((flags_gspspec LIKE
"0%") OR (flags_gspspec LIKE "1%")) AND
((flags_gspspec LIKE "_0%") OR (flags_gspspec
LIKE "_1%")) AND ((flags_gspspec LIKE "__0%") OR
(flags_gspspec LIKE "__1%")) AND ((flags_gspspec
LIKE "___0%") OR (flags_gspspec LIKE "___1%"))
AND ((flags_gspspec LIKE "____0%") OR
(flags_gspspec LIKE "____1%")) AND
((flags_gspspec LIKE "_____0%") OR
(flags_gspspec LIKE "_____1%")) AND
((flags_gspspec LIKE "______0%") OR
(flags_gspspec LIKE "______1%") OR
(flags_gspspec LIKE "______2%") OR
(flags_gspspec LIKE "______3%")) AND
((flags_gspspec LIKE "_______0%") OR
(flags_gspspec LIKE "_______1%") OR
(flags_gspspec LIKE "_______2%"))

Listing 2. ADQL query example including conditions on the parameter
flags (c.f. Table 2).
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G.2. ANN parameters from the
AstrophysicalParametersSupp table

SELECT source_id, teff_gspspec_ann, logg_gspspec_ann,
mh_gspspec_ann, alphafe_gspspec_ann,
flags_gspspec_ann

FROM user_dr3int6.astrophysical_parameters_supp
WHERE TO_BIGINT(flags_gspspec_ann) < 10000

Listing 3. Best quality sources, no S/N dependency (∼1.3 M sources).

SELECT ann.source_id, teff_gspspec_ann,
logg_gspspec_ann, mh_gspspec_ann,
alphafe_gspspec_ann, flags_gspspec_ann,
rv_expected_sig_to_noise

FROM user_dr3int6.gaia_source as gaia RIGHT JOIN
(
SELECT source_id, teff_gspspec_ann,

logg_gspspec_ann, mh_gspspec_ann,
alphafe_gspspec_ann, flags_gspspec_ann

FROM user_dr3int6.astrophysical_parameters_supp
WHERE TO_BIGINT(flags_gspspec_ann) < 10000
) as ann USING(source_id)

WHERE rv_expected_sig_to_noise > 108

Listing 4. Best quality sources with S/N > 108 (S/NANN 50) (∼275 k
sources).
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