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Gaia: the one billion survey

Credit: ESA

7,

Launched in 2013

Most advance astrometric mission to date.
Micro-arc astrometry for ~1.8 billion sources
Radial velocities for a subset of bright
sources (on-board spectrograph RVS).

* Gaia DR3: Stellar Param. & Chemistry
determined by the GSP-Spec module (Recio-
Blanco et al.+22)




Gaia/RVS:

RVS

Resolving
power:;
11,500

Wavelength
domain (nIR
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846 - 870 nm
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a space spectroscopic survey “PDPAC
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Gaia/RVS: a space spectroscopic survey

Gaia/RVS is SPACE spectroscopy # ground based spectroscopy

* Continuous observations for years (34 months for DR3, ~25 000h
of continuous observations)

» Stable conditions (no atmosphere)

* Very good control and modeling of systematics

* Extremely homogeneous treatment

* High number statistics providing hundreds of thousands of high
SNR (>150) data

e Parametrization quality comparable to ground-based surveys of
higher spectral resolution and wavelength coverage.




GaiaJ/RVS: a space spectroscopic survey

CU8/GSPspec: The chemical composition of 5.6 million stars.
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Gaia/RVS: a space spectroscopic survey

Different nucleosynthesis channels
V_ ploding

Exploding white dwarfs
Merging neutron stars

Dying low-mass stars
Very radioactive isotopes; nothing left from stars
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General Stellar Parametrizer — spectroscopy (GSPspec)
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GSPspec (Recio-Blanco
et al. 2022) is an up-
stream module of the
Astrophysical
parameters inference
system (Creevey et al.
2022)

Treats RVS stacked
spectra produced by
CU6 (Katz et al. 2022)




Inside the GSPSpec module

GSP-Spec

MatisseGauguin




Inside the GSPSpec module

GSP-Spec

MatisseGauguin ANN

Stellar Atmospheric

Parameters: Teff, « Stellar Atmospheric
logg, [M/H], [a/Fe] Parameters

Chem. Abundances * Flags ()
DIB

Differential CN Eq.

Width

Flags (!)
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Inside the GSPSpec module:
MatisseGauguin workflow
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Gaia/RVS: a model driven success

% MATISSE : Recio-Blanco et al. 2006

Projection method. Local multilinear regression
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Inside the GSPSpec module:

MatisseGauguin workflow
(abundances)

Continuum S—
Normalisation
refinement?

4d Grid

RVS flux
normalised
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Gaia/RVS: a model driven success
* GAUGUIN : Bijaoui, Recio-Blanco et al. 2012

Optimization method. Gauss-Newton algorithm
Linearization around a parameter set ® associated to a theoretical

spectrum Sy, Corrections obtained with: GAUGUIN is
used both for
Observed  Synthetic the
Ty Gy atmospheric
- T ov—1T parameters
00 = (J°J)""J" (0 - Sy) and the
chemical
]l::!aot]:ll:n [88(1, ®(O) )/ael] abundances

Used after MATISSE -> atmospheric parameters
__ Used alone -> individual chemical abundances
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Inside the GSPSpec module:
MatisseGauguin workflow ,
(err 0 I'S) Tstguess | Ta log g, IMH] (ol

Error propagation through 50 random realisations of
the input spectra using its error » Loop over
MatisseGauguin
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|
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Inside the GSPSpec module:
ANN workflow

RVS flux CUB SNR, ANN[5]

ANN selection

Check boundaries

RVS flux checked

MinMax
normalisation

RVS flux normalised

ANN
Parameter

estimation

Tetr log g, [M/H], [a/Fe]

RVS flux errors RECOMBAITE
P Compute MCMC? Compute stats
spectrum yes n

Tefr» log g, [M/H] and [a/Fe] with statistics
(median, upper and lower confidence values)
L
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Atomic lines:

33 lines selected after several
quality evaluation test and
inspection
See Recio-Blanco et al. 2022
and Contursi et al. 2021

Elt ﬂ l;b A’Zb /1;0)‘ m /1?-;—0" m
N1 | 863.161 | 863.071 | 863.281 | 862.891 | 863.371
N1 | 868.579 | 868.489 | 868.699 | 868.309 | 868.939
Mg | 847.602 | 847.512 | 847.692 | 847.212 | 847.812
Sir | 853.851 | 853.731 | 853.941 | 853.371 | 854.961
*Sit | 855.916 | 855.856 | 856.036 | 855.376 | 856.156
Sir | 868.872 | 868.782 | 868.992 | 868.602 | 869.232
*S1 | 867.258 | 866.988 | 867.378 | 866.898 | 867.998
*S1 | 869.701 | 869.551 | 869.821 | 869.281 | 869.971
Ca1 | 863.631 | 863.511 | 863.691 | 863.361 | 863.931
Cam | 849.856 | 849.706 | 849.976 | 849.586 | 850.276
Canm | 850.216 | 850.156 | 850.276 | 849.886 | 850.306
Cam | 854.264 | 854.114 | 854.384 | 853.544 | 854.864
Can | 854.624 | 854.564 | 854.744 | 854.294 | 854.804
Canm | 866.272 | 866.152 | 866.332 | 866.002 | 866.572
Can | 866.632 | 866.512 | 866.692 | 866.302 | 866.782
*Tit | 852.069 | 851.979 | 852.129 | 851.799 | 852.249
Tir | 857.209 | 857.119 | 857.269 | 856.999 | 857.359
Tit | 869.472 | 869.382 | 869.562 | 869.292 | 869.832
Cr1 | 855.118 | 855.058 | 855.208 | 854.878 | 855.478
Cr1 | 864.567 | 864.447 | 864.627 | 864.207 | 864.867
*Fe1 | 848.296 | 848.206 | 848.446 | 847.666 | 848.896
*Fer | 851.641 | 851.551 | 851.851 | 851.281 | 852.001
*Fer | 852.901 | 852.691 | 853.081 | 852.481 | 853.321
Fer | 857.416 | 857.296 | 857.506 | 856.876 | 858.166
Fer | 858462 | 858312 | 858.612 | 858.132 | 858.762
Fer | 862.397 | 862.277 | 862.517 | 862.127 | 862.697
Fer | 867.713 | 867.593 | 867.863 | 867.443 | 868.013
*Fe1 | 869.101 | 868.891 | 869.191 | 868.441 | 869.821
Fem | 858.794 | 858.764 | 858.824 | 858.254 | 859.274
Ni1r | 863.937 | 863.847 | 864.027 | 863.697 | 864.147
Zru | 852.748 | 852.658 | 852.838 | 852.388 | 853.018

*Cen | 851.375 | 851.285 | 851.465 | 851.015 | 851.555
Ndnm | 859.389 | 859.299 | 859.479 | 859.209 | 859.689




Atomic lines:

Each line has its own window for
an additional normalisation
(see Santos-Peral et al. 2020)

Elt ﬂ A;h A’Zb /1;0)‘ m lr-;—or m
N1 | 863.161 | 863.071 | 863.28) | 862.891 | 863.371
N1 | 868.579 | 868.489 | 868.699 | 868.309 | 868.939
Mg1 | 847.602 | 847.512 | 847.692 | 847.212 | 847.812
Sir | 853.851 | 853.731 | 853.94% | 853.371 | 854.961
*Sit | 855.916 | 855.856 | 856.03¢| | 855.376 | 856.156
Sir | 868.872 | 868.782 | 868.992 | 868.602 | 869.232
*S1 | 867.258 | 866.988 | 867.374 | 866.898 | 867.998
*S1 | 869.701 | 869.551 | 869.821 | 869.281 | 869.971
Ca1 | 863.631 | 863.511 | 863.691 | 863.361 | 863.931
Cam | 849.856 | 849.706 | 849.97¢ | 849.586 | 850.276
Canm | 850.216 | 850.156 | 850.27¢ | 849.886 | 850.306
Cam | 854.264 | 854.114 | 854.384 | 853.544 | 854.864
Canm | 854.624 | 854.564 | 854.744 | 854.294 | 854.804
Can | 866.272 | 866.152 | 866.33% | 866.002 | 866.572
Can | 866.632 | 866.512 | 866.697 | 866.302 | 866.782
*Tir | 852.069 | 851.979 | 852.129 | 851.799 | 852.249
Tir | 857.209 | 857.119 | 857.269 | 856.999 | 857.359
Tit | 869.472 | 869.382 | 869.567 | 869.292 | 869.832
Cr1 | 855.118 | 855.058 | 855.204 | 854.878 | 855.478
Cr1 | 864.567 | 864.447 | 864.627 | 864.207 | 864.867
"Fer | 848.296 | 848.206 | 848.44¢ | 847.666 | 848.896
*Fer | 851.641 | 851.551 | 851.85) | 851.281 | 852.001
*Fer | 852.901 | 852.691 | 853.081 | 852.481 | 853.321
Fer | 857.416 | 857.296 | 857.504 | 856.876 | 858.166
Fer | 858462 | 858.312 | 858.617 | 858.132 | 858.762
Fer | 862.397 | 862277 | 862.517 | 862.127 | 862.697
Fer | 867.713 | 867.593 | 867.863 | 867.443 | 868.013
*Fer | 869.101 | 868.891 | 869.191 | 868.441 | 869.821
Fem | 858.794 | 858.764 | 858.824 | 858.254 | 859.274
Ni1r | 863.937 | 863.847 | 864.027 | 863.697 | 864.147
Zru | 852748 | 852.658 | 852.83% | 852.388 | 853.018
*Cen | 851.375 | 851.285 | 851.463 | 851.015 | 851.555
Ndn | 859.389 | 859.299 | 859.47¢ | 859.209 | 859.689




Atomic lines:

Also, each line has a different
abundance determination window
depending on the blends,
presence of other lines...

Elt A /l;h /1111—12 lr_'z—orm
N1 | 863.161]| 863.071 | 863.281 863.371
N1 868.579) | 868.489 | 868.699 868.939
Mg | 847.602] | 847.512 | 847.692 847.812
Sit | 853.851) | 853.731 | 853.941 854.961
*Sit | 855.916} | 855.856 | 856.036 856.156
Sir | 868.8721 | 868.782 | 868.992 869.232
*S1 | 867.258] | 866.988 | 867.378 867.998
*S1 | 869.701) | 869.551 | 869.821 869.971
Ca1 | 863.631) | 863.511 | 863.691 863.931
Canm | 849.856) | 849.706 | 849.976 850.276
Canm | 850.216) | 850.156 | 850.276 850.306
Can | 854.264) | 854.114 | 854.384 854.864
Can | 854.624) | 854.564 | 854.744 854.804
Can | 866.272)| 866.152 | 866.332 866.572
Can | 866.6321 | 866.512 | 866.692 866.782
*Tit | 852.069) | 851.979 | 852.129 852.249
Tit | 857.209) | 857.119 | 857.269 857.359
Tir | 869.472 | 869.382 | 869.562 869.832
Cr1 | 855.118] | 855.058 | 855.208 855.478
Cr1 | 864.567) | 864.447 | 864.627 864.867
*Fe1 | 848.296] | 848.206 | 848.446 848.896
*Fer | 851.641) | 851.551 | 851.851 852.001
*Fer | 852901} | 852.691 | 853.081 853.321
Fe1 | 857.416) | 857.296 | 857.506 858.166
Fer | 858.462)| 858.312 | 858.612 858.762
Fer | 862.397) | 862.277 | 862.517 862.697
Fer | 867.713) | 867.593 | 867.863 868.013
*Fer | 869.101) | 868.891 | 869.191 869.821
Feu | 858.794]| 858.764 | 858.824 859.274
Ni1 | 863.937) | 863.847 | 864.027 . 864.147
Zro | 852.7748) | 852.658 | 852.838 | 852.388 | 853.018
*Cen | 851.375]| 851.285 | 851.465 | B51.015 | 851.555

859.389)

859.299

859.479

$59.209
| |

859.689




Atomic lines:

Calcium triplet is special:
abundance measurement
looking at the “wings”

Elt A l;b A’Zb /1;0)‘ m /1?-;—0" m
N1 | 863.161 | 863.071 | 863.281 | 862.891 | 863.371
N1 | 868.579 | 868.489 | 868.699 | 868.309 | 868.939
Mg | 847.602 | 847.512 | 847.692 | 847.212 | 847.812
Sir | 853.851 | 853.731 | 853.941 | 853.371 | 854.961
*Sit | 855.916 | 855.856 | 856.036 | 855.376 | 856.156
Sir | 868.872 | 868.782 | 868.992 | 868.602 | 869.232
*S1 | 867.258 | 866.988 | 867.378 | 866.898 | 867.998
*S1 | 869.701 | 869.551 | 869.821 | 869.281 | 869.971
Sor—o 0 RO 000
Cam | 849.856 | 849.706 | 849.976 | 849.586 | 850.276
Canm | 850.216 | 850.156 | 850.276 | 849.886 | 850.306
Cam | 854.264 | 854.114 | 854.384 | 853.544 | 854.864
Can | 854.624 | 854.564 | 854.744 | 854.294 | 854.804
Canm | 866.272 | 866.152 | 866.332 | 866.002 | 866.572
Can | 866.632 | 866.512 | 866.692 | 866.302 | 866.78
ki T o e T S s
Tir | 857.209 | 857.119 | 857.269 | 856.999 | 857.359
Tit | 869.472 | 869.382 | 869.562 | 869.292 | 869.832
Cr1 | 855.118 | 855.058 | 855.208 | 854.878 | 855.478
Cr1 | 864.567 | 864.447 | 864.627 | 864.207 | 864.867
*Fe1 | 848.296 | 848.206 | 848.446 | 847.666 | 848.896
*Fer | 851.641 | 851.551 | 851.851 | 851.281 | 852.001
*Fer | 852.901 | 852.691 | 853.081 | 852.481 | 853.321
Fer | 857.416 | 857.296 | 857.506 | 856.876 | 858.166
Fer | 858462 | 858312 | 858.612 | 858.132 | 858.762
Fer | 862.397 | 862.277 | 862.517 | 862.127 | 862.697
Fer | 867.713 | 867.593 | 867.863 | 867.443 | 868.013
*Fe1 | 869.101 | 868.891 | 869.191 | 868.441 | 869.821
Fem | 858.794 | 858.764 | 858.824 | 858.254 | 859.274
Ni1r | 863.937 | 863.847 | 864.027 | 863.697 | 864.147
Zru | 852.748 | 852.658 | 852.838 | 852.388 | 853.018

*Cen | 851.375 | 851.285 | 851.465 | 851.015 | 851.555
Ndnm | 859.389 | 859.299 | 859.479 | 859.209 | 859.689




Atomic lines:

Some doublets/triplets or
consecutive lines of the same
element are treated as a
unique line.

(but the individual line cases
have also been tested)

Elt ﬂ l;b A’Zb /1;0)‘ m /1?-;—0" m
N1 | 863.161 | 863.071 | 863.281 | 862.891 | 863.371
N1 | 868.579 | 868.489 | 868.699 | 868.309 | 868.939
Mg | 847.602 | 847.512 | 847.692 | 847.212 | 847.812
Sir | 853.851 | 853.731 | 853.941 | 853.371 | 854.961
Sir | 855916 | 855.856 | 856.036 | 855.376 | 856.156
Sir | 868.872 | 868.782 | 868.992 | 868.602 | 869.232
*S1 | 867.258 | 866.988 | 867.378 | 866.898 | 867.998
*S1 | 869.701 | 869.551 | 869.821 | 869.281 | 869.971
Ca1 | 863.631 | 863.511 | 863.691 | 863.361 | 863.931
Cam | 849.856 | 849.706 | 849.976 | 849.586 | 850.276
Canm | 850.216 | 850.156 | 850.276 | 849.886 | 850.306
Cam | 854.264 | 854.114 | 854.384 | 853.544 | 854.864
Can | 854.624 | 854.564 | 854.744 | 854.294 | 854.804
Canm | 866.272 | 866.152 | 866.332 | 866.002 | 866.572
Can | 866.632 | 866.512 | 866.692 | 866.302 | 866.782
*Tit | 852.069 | 851.979 | 852.129 | 851.799 | 852.249
Tir | 857.209 | 857.119 | 857.269 | 856.999 | 857.359
Tit | 869.472 | 869.382 | 869.562 | 869.292 | 869.832
Cr1 | 855.118 | 855.058 | 855.208 | 854.878 | 855.478
Cr1 | 864.567 | 864.447 | 864.627 | 864.207 | 864.867
*Fe1 | 848.296 | 848.206 | 848.446 | 847.666 | 848.896
*Fer | 851.641 | 851.551 | 851.851 | 851.281 | 852.001
*Fer | 852.901 | 852.691 | 853.081 | 852.481 | 853.321
Fer | 857.416 | 857.296 | 857.506 | 856.876 | 858.166
Fer | 858462 | 858312 | 858.612 | 858.132 | 858.762
Fer | 862.397 | 862.277 | 862.517 | 862.127 | 862.697
Fer | 867.713 | 867.593 | 867.863 | 867.443 | 868.013
*Fe1 | 869.101 | 868.891 | 869.191 | 868.441 | 869.821
Fem | 858.794 | 858.764 | 858.824 | 858.254 | 859.274
Ni1r | 863.937 | 863.847 | 864.027 | 863.697 | 864.147
Zru | 852.748 | 852.658 | 852.838 | 852.388 | 853.018

*Cen | 851.375 | 851.285 | 851.465 | 851.015 | 851.555
Ndnm | 859.389 | 859.299 | 859.479 | 859.209 | 859.689




Statistics and implementation of GSPSpec module

* DR3 operations at DPCC (CNES-Toulouse)

* 6.9 million spectra treated

* 50 random realisations of each RVS spectrum —» AP
uncertainties

* 110,000h (eqg. 12.6 years) spread on 2100 cores

* Execution time of 150h (~one second per spectrum
realisation)
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GSPSpec in the Gaia Archive

& C {} & geaesacesaint/archive/ < v 0O ° H
@ Iniciar sesién Partage [& astro-ph @) NASA/ADS By Traductor [P CNRSwebmail [l A2A Bm OCA W Gaia W Astrophysics » | @@ Other bookmarks
» EUROPEAN SPACE AGENCY ! ABOUT ESAC ! sy

gaia archive

SINGLE OBJECT VISUALISATION HELP VOSPACE SHARE

(] e [

Job name: | Webinar Query examples

2 FROM gaiadr3.astrophysical parameters

B < 1 SELECT source_id, flags_gspspec
3 where teff_gspspec IS NOT NULL

Gaia Data Release 1

Gaia Data Release 2

© Gaia Data Release 3 Ctri+Space for query autocompietion
gaiadr3.gaia_source

7 gaiadr3.gaia_source_lite -

© Astrophysical parameters

= Job ¥ Creation date Num. rows Size 2.
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B i aSopiy il et i =] 7 16794816178420 22-Mar-2023, 11:40:17 77861 278 KB i B3] ® 2
% galacr3.0a_neuron_information r O /4 16794813745630 22-Mar-2023, 11:36:14 100 2KB i -] ® Q0
«
:‘3‘“‘3"’3'“—"‘3“"'”—"’75"9“'3 0 4 16794812870190 22-Mar-2023, 11:34:47 5501504 421MB i -] ® 2
~| gaiadr3.total_galactic_extinction_may —
=9 e has O 74 16794779210700 22-Mar-2023,10:38:41 5591594 a1mE i -] ® 20
ez (gaiadr3.total_galactic_extinction_map_opt
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Science alerts 0 /4 16788820221190 15-Mar-2023, 1307:02 1000 1kB i -] ® 2
@ Simulation q i I b
Solarsystem W @ 1200114 & W Download format:[VOTable Apply jobs fiter | Selectall jobs [] | Delete selected jobs
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Spectroscopy -
csv (Cookie policy) (v3.2.1)
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GSPSpec in the Gaia Archive

GSP-Spec output has

already been ingested in the
Gaia Archive
(nttps://gea.esac.esa.int/archive/)

Approx. 5.6M sources with
GSP-Spec data

MatisseGauguin output

» EUROPEAN SPACE AGENCY @'  ABOUT ESAC

gaia archive

SINGLE OBJECT VISUALISATION HELP VOSPACE SHARE

@ Advanced (ADQL) | Query Results
v

gaia

eexm<

& Other

# Gaia Data Release 1
Gaia Data Release 2
= Gaia Data Release 3
® 3 gaiadr3.gaia_source
e § gaiadr3.gaia_source_lite
= Astrophysical parameters
’ # gaiadr3.astrophysical_parameters

> @ [ gaiadr3.astrophysical _parameters_supp

ANN

output
The associated fields (columns) have

“ gspspec’/ “_gspspec_ann” in their
names.

® 7% gaiadr3.oa_neuron_information
" gaiadr3.0a_neuron_xp_spectra
# gaiadr3.total_galactic_extinction_map

] :] gaiadr3.total_galactic_extinction_map_opt

® Auxiliary

Job name:

1 SELECT source_id
2 FROM gaiadr3.astrophysical parameters
3 WHERE teff gspspec IS NOT NULL

Ctri+Space for query autocompletion

Status Job A

# O £ 16794779210700

ey
¢

M 4 1-200f111 » M Download forme




GSPSpec in the Gaia Archive

GSP-Spec output has

already been ingested in the
Gaia Archive
(nttps://gea.esac.esa.int/archive/)

MatisseGauguin output

» EUROPEAN SPACE AGENCY @'  ABOUT ESAC

gaia archive

SINGLE OBJECT VISUALISATION HELP VOSPACE SHARE

@ Advanced (ADQL) | Query Results

gaia v
eex@E<
& Other

# Gaia Data Release 1
Gaia Data Release 2
= Gaia Data Release 3
® 3 gaiadr3.gaia_source
e § gaiadr3.gaia_source_lite
= Astrophysical parameters
’ # gaiadr3.astrophysical_parameters

> @ [ gaiadr3.astrophysical _parameters_supp

ANN output

The associated fields (columns) have
“ gspspec’/ “_gspspec_ann” in their
names.

® 7% gaiadr3.oa_neuron_information

" gaiadr3.0a_neuron_xp_spectra

# gaiadr3.total_galactic_extinction_map

@ :] gaiadr3.total_galactic_extinction_map_opt

® Auxiliary

Job name:

1 SELECT source_id
: . ters

3 : ;
3|WHERE teff gspspec IS NOT NULL

“Trick” for selecting stars

S analysed by MatisseGauguin

Ctri+Space for query autocompletion

Status Job A

o a 7

ey
¢

16794779210700

M 4 1-200f111 » M Download forme




Behold the chemistry of the MW!




Behold the chemistry of the MW!

Not a real

[/ Fe] (dex)




The chemical composition of 5.6 million stars
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The chemical composition of 5.6 million stars

CANN
(S [SIe] o [—-]
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Fig. 17. Number of stars whose atmospheric parameters have been derived by MatisseGauguin and ANN (left and right panels, respectively). The
dark green histograms refer to the whole sample whereas the light-green ones show only the very best parametrised stars with all their parameter
quality flags equal to zero.




The chemical composition of 5.6 million stars
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Comparison with Literature: Teff

Literature: APOGEE DR17,
GALAH-DR3, RAVE-DR6

In grey: Medium quality sample
In Green: Best quality sample
(Will be explained later)
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Comparison with Literature: logg !

Literature: APOGEE DR17,
GALAH-DR3, RAVE-DR6

In grey: Medium quality sample
In Green: Best quality sample
(Will be explained later)

Bias detected. Solution:
calibration
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Comparison with Literature: [M/H]

e —
0.5F u=oo il "

. - o =0.13 T =
Literature: APOGEE DR17, [ medin=00 | Pl
GALAH-DR3, RAVE-DR6 RS

2 sek T e
In grey: Medium quality sample § S i
In Green: Best quality sample 3 1ok 18,7
(Will be explained later) = | B0
= —15F 1|3
Apparently no bias on average, [ 5000 E
but subestimated —2.0F LA |
(overestimated) metallicities are o | ! 18
found for giants (dwarfs) 25T 0 —10
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CUB8IGSPspec: Offset corrections (parameters)

X cair. = X tneaior. ¥ Do+ Py 108(g )+ p,log (g )+ p,log(g)’+p,log(g)*

Parameter Do D1 P2 D3 D4 I
log(g) 0.4496 -0.0036 -0.0224 Full _table In
[M/H] 0274 -0.1373 -0.0050 0.0048 Recio-Blanco

[M/H]oc | -0.7541 1.8108 -1.1779 0.2809 -0.0222 et al. (2022)

' ' E ! NGC_7789 ]
NGC_2477
NGC_6259
NGC_2682
NGC_6705
NGC_2632
Trumpler_20 |
NGC_6819 |
Melotte_25
NGC_7762

N = 256 stars e ®

o
s
—

<o
N

|
=
(¥

[M/Hlespspec — [M/H]Lit.
o
o

|
o
.
—
L

log(g)

Fig. 13. Metallicity bias with respect to the literature as a function of log(g) for the open cluster stars, excluding dwarfs with $/N lower than 50.
The colour code used for each cluster is indicated in the legend. Solid blue line corresponds to the general metallicity correction while the black

line refers to that sEciﬁcaHz obtained from the oeen clusters.




Comparison with Literature

The global alpha-
abundace is

dominated by Calcium

The calibration
reduces the bias
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CU8IGSPspec: Offset corrections (abundances)

X caivr. = X vneair. ¥ Do+ Py 10g(g)+ p,log (g )+ p,log(g)’+p,log(g)*

Element | Po P1 P2 D3 ps | Recommended interval extrapol flag
i As a function of log(g) Min log(g) Max log(g)

Full :[able In [e/Fe] | 205809 07018  -0.2402  0.0239  0.0000 1.01 4.85 | 0

Recio-Blanco [caFe] -06250 07558  -0.2581  0.0256  0.0000 1.01 4.85 0
[Mg/Fe] -0.7244 03779  -0.0421 -0.0038 0.0000 1.30 438 0

etal. (2022)  og,;" 176080 123239 28595 02192 00000 338 4381 0
[Si/Fe]  -0.3491 03757 -0.1051 0.0092  0.0000 1.28 4.85 0
[Ti/Fe]  -0.2656  0.4551  -0.1901  0.0209 0.0000 1.01 439 0
[Cr/Fe]  -0.0769 -0.1299  0.1009 -0.0200 0.0000 1.01 4.45 0
[FeyH] 03699  -0.0680  0.0028 -0.0004 0.0000 1.01 4.85 0
[FewH] 355994 279179 7.1822  -0.6086 0.0000 353 4.82 0
[Ni/Fe]  -02902  0.4066 -0.1313 0.0105 0.0000 1.41 4.81 0
[N/Fe] 0.0975  -0.0293  0.0238 -0.0071 0.0000 121 479 0
[a/Fe] 202838 03713 -0.1236 0.0106 0.0002 0.84 4.44 <1
[Ca/Fe]  -03128  0.3587  -0.0816 -0.0066 0.0020 0.84 4.98 <1

| As a function of t =T.4/5750 Min Tes Max Tes

[a/Fe] 6.6960 20.8770 -21.0976 6.8313  0.0000 4000 6830 <1
[Ca/Fe]  -7.4577 232759 -23.6621 7.7657 0.0000 4000 6830 <1
[S/Fe] 0.1930  -0.2234  0.0000  0.0000 0.0000 5700 6300 <1




CU8IGSPspec: Offset corrections (abundances)

X caivr. = X vneair. ¥ Do+ Py 10g(g)+ p,log (g )+ p,log(g)’+p,log(g)*

Full table in
Recio-Blanco
et al. (2022)

Out of this
range, keep
the edge
values
(suggestion)

Element | Po P1 P2 D3 ps || Recommended interval extrapol flag
| As a function of log(g) Minlog(g) Max log(g) |
[a/Fe] -0.5809 0.7018 -0.2402  0.0239  0.0000 1.01 4.85 0
[Ca/Fe] -0.6250 0.7558 -0.2581 0.0256  0.0000 1.01 4.85 0
[Mg/Fe] -0.7244 0.3779 -0.0421 -0.0038 0.0000 1.30 4.38 0
[S/Fe] -17.6080 12.3239  -2.8595 0.2192 0.00008 3.38 4.81 0
[Si/Fe] -0.3491 0.3757 -0.1051 0.0092  0.0000 1.28 4.85 0
[Ti/Fe] -0.2656 0.4551 -0.1901  0.0209  0.0000 1.01 4.39 0
[Cr/Fe] -0.0769 -0.1299 0.1009  -0.0200 0.0000 1.01 4.45 0
[Fe yH] 0.3699 -0.0680 0.0028 -0.0004 0.0000 1.01 4.85 0
[Fem/H] 35.5994 -279179 7.1822 -0.6086 0.0000 353 4.82 0
[Ni/Fe] -0.2902 0.4066 -0.1313  0.0105 0.0000 141 4.81 0
[N/Fe] 0.0975 -0.0293 0.0238  -0.0071 0.0000 1.21 479 0
-U. . -U. .0020 0.84 498 <
| As a function of  =T.4/5750 Min Tq Max T |
[a/Fe] -6.6960 20.8770 -21.0976 6.8313 0.0000 4000 6830 <
[Ca/Fe] -7.4577  23.2759 -23.6621 7.7657 0.0000 4000 6830 <
[S/Fe] 0.1930 -0.2234 0.0000 0.0000 0.0000 5700 6800 <1




CU8IGSPspec: Offset corrections (abundances)

X caivr. = X vneair. ¥ Do+ Py 10g(g)+ p,log (g )+ p,log(g)’+p,log(g)*

Element | Po P1 P2 D3 ps | Recommended interval extrapol flag
i As a function of log(g) Min log(g) Max log(g)

Full _table In [e/Fe] | 205809 07018  -0.2402  0.0239  0.0000 1.01 4.85 | 0

Recio-Blanco [caFe] -06250 07558  -0.2581  0.0256  0.0000 1.01 4.85 0
[Mg/Fe] -0.7244 03779  -0.0421 -0.0038 0.0000 1.30 438 0

etal. (2022)  og,;" 176080 123239 28595 02192 00000 338 431 0
[Si/Fe]  -03491 03757  -0.1051 0.0092  0.0000 128 4.85 0
[Ti/Fe]  -0.2656  0.4551  -0.1901  0.0209 0.0000 1.01 439 0
[Cr/Fe]  -0.0769 -0.1299  0.1009  -0.0200 0.0000 1.01 4.45 0
[FeyH] 03699  -0.0680  0.0028  -0.0004 0.0000 1.01 4.85 0
[Fem/H] 355994 279179 7.1822  -0.6086 0.0000 353 4.82 0
[Ni/Fe 202902 04066  -0.1313  0.0105 0.0000 141 4.81 0
[m] n nn'1§ n nanfz N nm N NN71 N _NNNN 1 41 A T0 n
[a/Fe] 202838 03713  -0.1236  0.0106 0.0002 0.84 4.44 <1
[Ca/Fe]  -03128  0.3587  -0.0816 -0.0066 0.0020 0.84 4.98 <1

i —1I eff, J.Vm NiaxX T e f

[a/Fe] 6.6960 20.8770 -21.0976 6.8313  0.0000 4000 6830 <1
[Ca/Fe]  -7.4577 232759 -23.6621 7.7657  0.0000 4000 6830 <1
[S/Fe] 0.1930  -0.2234  0.0000  0.0000 0.0000 5700 6300 <1




CU8IGSPspec: Offset corrections (abundances)

X caivr. = X vneair. ¥ Do+ Py 10g(g)+ p,log (g )+ p,log(g)’+p,log(g)*

Element | Po P1 P2 D3 ps | Recommended interval extrapol flag
i As a function of log(g) Min log(g) Max log(g)

Full :[able In [e/Fe] | 05809  0.7018  -0.2402 0.0239  0.0000 1.01 4.85 | 0

Recio-Blanco [caFe] -06250 07558  -0.2581  0.0256  0.0000 1.01 4.85 0
[Mg/Fe] -0.7244 03779  -0.0421 -0.0038 0.0000 1.30 438 0

etal. (2022)  og,;" 176080 123239 28595 02192 00000 338 4381 0
[Si/Fe]  -0.3491 03757 -0.1051 0.0092  0.0000 1.28 4.85 0
[Ti/Fe]  -0.2656  0.4551  -0.1901  0.0209 0.0000 1.01 439 0
[Cr/Fe]  -0.0769 -0.1299  0.1009 -0.0200 0.0000 1.01 4.45 0
[FeyH] 03699  -0.0680  0.0028 -0.0004 0.0000 1.01 4.85 0
[FewH] 355994 279179 7.1822  -0.6086 0.0000 353 4.82 0
[Ni/Fe]  -02902  0.4066 -0.1313 0.0105 0.0000 1.41 4.81 0
[N/Fe] 0.0975  -0.0293  0.0238 -0.0071 0.0000 121 479 0
[a/Fe] 202838 03713 -0.1236 0.0106 0.0002 0.84 4.44 <1
[Ca/Fel -0 3128 () 35R7 -0 0R16 -0.0066___0.0020 () R4 4 OR < 1

| As a function of  =T.4/5750 Min Tq Max T |

[a/Fe] 6.6960 20.8770 -21.0976 6.8313  0.0000 4000 6830 <1
[Ca/Fe]  -7.4577 232759 -23.6621 7.7657 0.0000 4000 6830 <1
[S/Fe] 0.1930  -0.2234  0.0000  0.0000 0.0000 5700 6300 <1




Teq log(g) [M/H] log(g)catibrated  [M/Hlcatibraea | 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)

| Teff Iogg . [M/H]
ol S
QX o4 . {
(@] 04F  naveons 1030 raveowe
w 03f = ]
<>( 0.2f 1 osk .
x * General very good
0.0 0.0t —mnis 0 + 0.0—— 0 : agreement*

‘ (P et ey i e The extreme homogeneity of
Bl [ el ' Gaia RVS/GSPspec highlights
1 |} o literature inhomogeneity (in
2 . methods, models, reference

| - data, uncertainty definitions,
(GSPSPEC—ref)/\/‘féspspec‘*'”?ef | {Cj)SPSPEC—Fef); U(Z}SPspec_"o;ef ‘ (Efspsp%—ref);) oéSPspec+a:‘:ef SeleCtlon funCtlonS. ..)
": ] u;-vos ,' ERiE 0.6f u|=-o.03 { R /:.1.95
m o =192 ;E 1 o =394
z j
g of =
S *GSP-Spec values are calibrated.
°—s Dotted line: inflated errors by a factor of 4

=5 0 5 : -5 0 5 : =5 0 5
(GSPspec — ref) /4 /08spspec T Tost (GSPspec — ref) /4 /08spapec + Tt (GSPspec — ref) /1 /0&sppee + Tret
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Parameters
flags

Abundance
flags

CNI/DIB flags

Family of GSP-Spec Flags

Chain character Considered Possible Related To b e u S e d a n d

number - name quality aspect dopted values bsection and table

1 vbroadT vbroad induced bias in Teg 0,1,2,9 8.1&C.1

2 vbroadG vbroad induced bias in log(g) 0,1,2,9 81&C.1 a d a pted to yo u r

3 vbroadM vbroad induced bias in [M/H] 0,1,2,9 8.1&C.1 H = gum

TvradT vrad induced bias in Teg 0.129 §2&C2 scientific goa |

5 vradG vrad induced bias in log(g) 0,1,2,9 82&C2

6 vradM vrad induced bias in [M/H] 0,1,2,9 82&C2

7 fluxNoise flux noise uncertainties 0,1,2,34,59 83&C3,C4

8 extrapol extrapolation 0,1,2,3,4,9 84&CS5,C.6

9 negFlux negative flux pixels 0,9 85&C7

10 nanFlux NaN flux pixels 0,1,9 85 &CT

11 emissi emission line 0,1,9 85&C7

12 nullFluxErr null uncertainties 0,1,9 85&C.7

13 KMgiantPar | KM-type giant stars 0,1,2,9 8.6&C.8

14 NUpLim Nitrogen abundance upper limit 0,1,29 87&C9

15 NUncer Nitrogen abundance uncertainty quality 0,1,29 8.7&C.10

16 MgUpLim M: ium abund upper limit 0,1,2,9 87&C9

17 MgUncer Magnesium abund uncertainty quality 0,1,2,9 8.7& C.10

18 SiUpLim Silicon abundance upper limit 0,1,29 87&C9

19 SiUncer Silicon abundance uncertainty quality 0,1,2,9 8.7&C.10

20 SUpLim Sulphur abundance upper limit 0,1,2,9 87&CH9

21 SUncer Sulphur abundance uncertainty quality 0,1,29 8.7&C.10

22 CaUpLim Calcium abundance upper limit 0,1,2,9 87&C9

23 CaUncer Calcium abundance uncertainty quality 0,1,2,9 8.7&C.10

24 TiUpLim Titanium abundance upper limit 0,1,2,9 87&C9

25 TiUncer Titanium abundance uncertainty quality 0,1,2,9 8.7&C.10

26 CrUpLim Chromium abundance upper limit 0,1,2,9 87&C9

27 CrUncer Chromium abundance uncertainty quality 0,1,2,9 8.7& C.10

28 FeUpLim Neutral iron abundance upper limit 0,1,2,9 87&C9

29 FeUncer Neutral iron abundance uncertainty quality 0,1,2,9 8.7&C.10

30 FeIIUpLim Tonised iron abundance upper limit 0,1,2,9 87&C9

31 FellUncer ITonised iron abundance uncertainty quality 0,1,2,9 8.7 & C.10

32 NiUpLim Nickel abundance upper limit 0,1,29 87&C9

33 NiUncer Nickel abundance uncertainty quality 0,1,2,9 8.7& C.10

34 ZrUpLim Zirconium abundance upper limit 0,1,2,9 87&C9

35 ZrUncer Zirconium abundance uncertainty quality 0,1,29 8.7&C.10 t = =

36 CeUpLim Cerium abundance upper limit 0,1,2,9 87&C9 F I I b I R -

37 CeUncer Cerium abundance uncertainty quality 0,1,2,9 8.7& C.10 u a e I n e c I O

38 NdUpLim Neodymium abundance upper limit 0,1,2,9 87&C9

39 NdUncer Neodymium abundance uncertainty quality 0,1,2,9 8.7&C.10 B I an co et al u (2 0 22)
[ 40 DeltaCNq [ Cyanogen differential equivalent width quality | 0,1,2,9 [ 89 & C.12
| 41 DIBq | DIB quality flag [01234,59 | 8.8 & C.13




Family of GSP-Spec Flags

KM flag

Problems with the
molecular lines in the
cool regime.
Dependence of F_._

logg_gspspec / loglemm, g#+-2)

Image: Kiel
diagram colorcoded
with density
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Parameters
flags

Abundance
flags

CNI/DIB flags

Family of GSP-Spec Flags

Chain character Considered Possible Related To b e u S e d a n d

number - name quality aspect dopted values bsection and table

1 vbroadT vbroad induced bias in Teg 0,1,2,9 8.1&C.1

2 vbroadG vbroad induced bias in log(g) 0,1,2,9 81&C.1 a d a pted to yo u r

3 vbroadM vbroad induced bias in [M/H] 0,1,2,9 8.1&C.1 H = gum

TvradT vrad induced bias in Teg 0.129 §2&C2 scientific goa |

5 vradG vrad induced bias in log(g) 0,1,2,9 82&C2

6 vradM vrad induced bias in [M/H] 0,1,2,9 82&C2

7 fluxNoise flux noise uncertainties 0,1,2,34,59 83&C3,C4

8 extrapol extrapolation 0,1,2,3,4,9 84&CS5,C.6

9 negFlux negative flux pixels 0,9 85&C7

10 nanFlux NaN flux pixels 0,1,9 85 &CT

11 emissi emission line 0,1,9 85&C7

12 nullFluxErr null uncertainties 0,1,9 85&C.7

13 KMgiantPar | KM-type giant stars 0,1,2,9 8.6&C.8

14 NUpLim Nitrogen abundance upper limit 0,1,29 87&C9

15 NUncer Nitrogen abundance uncertainty quality 0,1,29 8.7&C.10

16 MgUpLim M: ium abund upper limit 0,1,2,9 87&C9

17 MgUncer Magnesium abund uncertainty quality 0,1,2,9 8.7& C.10

18 SiUpLim Silicon abundance upper limit 0,1,29 87&C9

19 SiUncer Silicon abundance uncertainty quality 0,1,2,9 8.7&C.10

20 SUpLim Sulphur abundance upper limit 0,1,2,9 87&CH9

21 SUncer Sulphur abundance uncertainty quality 0,1,29 8.7&C.10

22 CaUpLim Calcium abundance upper limit 0,1,2,9 87&C9

23 CaUncer Calcium abundance uncertainty quality 0,1,2,9 8.7&C.10

24 TiUpLim Titanium abundance upper limit 0,1,2,9 87&C9

25 TiUncer Titanium abundance uncertainty quality 0,1,2,9 8.7&C.10

26 CrUpLim Chromium abundance upper limit 0,1,2,9 87&C9

27 CrUncer Chromium abundance uncertainty quality 0,1,2,9 8.7& C.10

28 FeUpLim Neutral iron abundance upper limit 0,1,2,9 87&C9

29 FeUncer Neutral iron abundance uncertainty quality 0,1,2,9 8.7&C.10

30 FeIIUpLim Tonised iron abundance upper limit 0,1,2,9 87&C9

31 FellUncer ITonised iron abundance uncertainty quality 0,1,2,9 8.7 & C.10

32 NiUpLim Nickel abundance upper limit 0,1,29 87&C9

33 NiUncer Nickel abundance uncertainty quality 0,1,2,9 8.7& C.10

34 ZrUpLim Zirconium abundance upper limit 0,1,2,9 87&C9

35 ZrUncer Zirconium abundance uncertainty quality 0,1,29 8.7&C.10 t = =

36 CeUpLim Cerium abundance upper limit 0,1,2,9 87&C9 F I I b I R -

37 CeUncer Cerium abundance uncertainty quality 0,1,2,9 8.7& C.10 u a e I n e c I O

38 NdUpLim Neodymium abundance upper limit 0,1,2,9 87&C9

39 NdUncer Neodymium abundance uncertainty quality 0,1,2,9 8.7&C.10 B I an co et al u (2 0 22)
[ 40 DeltaCNq [ Cyanogen differential equivalent width quality | 0,1,2,9 [ 89 & C.12
| 41 DIBq | DIB quality flag [01234,59 | 8.8 & C.13




Working with flags in the Gaia Archive

GSP-Spec flags are distributed as
strings in the Gaia Archive

* Not easy to handle with them, but
possible.

* The key is the LIKE keyword.

* stringl LIKE string2 performs an
element-wise comparison of the
characters in string1 and string2

e (stringl LIKE string2) is true stringl
has the same form as string2.
Otherwise it is false.

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
lugg gspspec>=3.6 ) AND ((flags_gspspec LIKE
_ 0%") OR (flags_gspspec LIKE
" 1%")) AND ((flags gspspec LIKE
@% ") 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 "___@%") OR (flags_gspspec LIKE "___ 1%"))

AND ((flags_gspspec LIKE "____8%") 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)




Working with flags in the Gaia Archive

SELECT source_id
FROM user_dr3int6.astrophysical parameters

GSP-Spec flags are distributed as O oga.gopapeccsy D | ooe-ospeRect) HE
Strings |n the Gaia Archive ((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

° The underscore ‘ ’ rEferS to any (teff_gspspec>=4150 OR logg_gspspec<=2.4 OR

logg_gspspec>=3.6 ) AND ((flags_gspspec LIKE

single character”. " 6%") OR (flags gspspec LIKE

1%")) AND ((flags gspspec LIKE

0 @% 'y OR (flags_ gspspec LIKE "1%")) AND
¢ The percentage Symb0| (/0) means ((flags_gspspec LIKE "_@0%") OR (flags_gspspec
“ = ” LIKE "_1%")) AND ((flags_gspspec LIKE "__0%") OR
mUItlple CharaCterS . (flags_gspspec LIKE "__1%")) AND ((flags_gspspec

LIKE "___@%") OR (flags_gspspec LIKE "___ 1%"))

gD ((flags_gspspec LIKE "____8%") OR
(flags_gspspec LIKE " 1%")) AND

(11 b} | -
ﬂags_gspspec I—IKE O% ((flags_gspspec LIKE " 0%") OR
G ] (flags_gspspec LIKE " 1%")) AND

~ ((flags_gspspec LIKE " 0%") OR

f (flags_gspspec LIKE " 1%") OR

, . (flags_gspspec LIKE : 2%:) OR
Don’t change this 5 underscores (flags_gspspec LIKE " 3%')) AND
((flags_gspspec LIKE " _0%") OR
(flags_gspspec LIKE " 1%") OR

True if the 6" flag (vradM) is zero (flags_gspspec LIKE " gl

Listing 2. ADQL query example including conditions on the parameter
flags (c.f. Table 2)




Working with flags in the Gaia Archive

SELECT source_id

FROM user_dr3int6.astrophysical parameters

WHERE (teff gspspec>3500) AND (logg_gspspec=0) AND

- (logg_gspspec<5) AND

What |f we Want Vrad MS].? ((tggfgggpgpec_upper—teff_gspspec_luwer)q?S)
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

L] Just use OR (teff_gspspec>=4150 OR logg_gspspec<=2.4 OR

lugg gspspec>=3.6 ) AND ((flags_gspspec LIKE

0%") OR (flags_gspspec LIKE
(ﬂags gSpSpeC LIKE “ O%") " 1%")) AND ((flags_gspspec LIKE
—_— —_— "@%") OR (flags_gspspec LIKE "1%")) AND
OR ((flags_gspspec LIKE "_@0%") OR (flags_gspspec
“ ’ LIKE "_1%")) AND ((flags_gspspec LIKE "__0%") OR
(flags_gspspec LIKE 1%") (flags_gspspec LIKE "__1%")) AND ((flags_gspspec
— - LIKE "___0%") OR (flags_gspspec LIKE "___1%"))
AND ((flags_gspspec LIKE "____8%") OR
h (flags_gspspec LIKE "____1%")) AND
1 1 ((flags_gspspec LIKE " 8%") OR
True if the 6™ flag (vradM) is zero or one g e L 1y
((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)




Working with flags in the Gaia Archive

lRecommendation for complex ADQL queries: use parenthesis l

8 ((flags_gspspec LIKE “ 0%") OR (flags_gspspec LIKE “ 1%7))
o) AND
O | ((flags_gspspec LIKE “ 0%”) OR (flags_gspspec LIKE “ 1%7))
1 True if both 6™ and 5" flags (vradM, vradG) are zero or one. It is I
different from
o (flags_gspspec LIKE“  0%") OR (flags_gspspec LIKE “  1%")
g AND

(flags_gspspec LIKE “ 0%") OR (flags_gspspec LIKE “ 1%")




Working with flags in the-Gaia-Archive Python

Alternatively, you may prefer to download a wider sample an perform the
flag filtering in Python. Here is an example query*

Username (usernick) @ [\

3 EUROPEAN SPACE AGENCY ' ABOUT ESAC '

gaia archive

SINGLE OBJECT VISUALISATION HELP VOSPACE SHARE

Job name: Flags Query examples

*Not g
. EE 1|SELECT id, fl
recommended: & & x B < e e
. . 3 where teff gspspec IS NOT NULL
G al a arC h Ive Gaia Data Release 1
querles ShOU|d # Gaia Data Release 2

=) Gaia Data Release 3 > Ctrl+Space for query autocompletion
b e m O re . ] “« ¥ Reset Form Q Submit Query

Other

+ gaiadr3.gaia_source

S p e C I fi C ! : gaiadr3.gaia_source_lite

= Astrophysical parameters

|| gaiadr3.astrophysical_parameters Status Job ¥ Creation date Num. rows

] gaiadr3.astrophysical_parameters_supp J [} 7 ocC 09-Feb-2023, 11:51:28 7761 i

® "% gaiadr3.oa_neuron_information M 4 21-400f109 * M Download e = AR Select all ———
format: [VOTable v filter jobs selected jobs

v gaiadr3.0a_neuron_xp_spectra

(Cookie policy) (v3.2.1)




Working with flags in the-Gaia-Archive Python

Alternatively, you may prefer to download a wider sample an perform the
flag filtering in Python. Here is an example code*:

def getflagn(x,n):
# Get the n-th column of the array of strings "x"
#n>=0
# Note n starts at zero, not at one!
# The output is an array of integers
z = map(lambda y: y[n], X)

z = list(z)
Z = np.uint8(z)
return(z)

*Depending on the Python version and the input file format, you may have to tune this
code.




Working with flags in Topcat

Alternatively, you may prefer to download a wider sample an perform the
flag filtering in Topcat.

File Views Graphics Joins Windows VO |Interop Help

Outout of the a B He&e®:: Wiedo X e e
p. rTable List———————— |, Current Table Properties
preV|OUS query—> 2: Flags-result.fits.gz : Label; [Flags-result.fits.qz |
(~7O Mb) Loc;;i;z; il:)tt)?;;:)alonscu’DnwnIoads!FIags-resuIt.fits.gz
Rows: 5,591,594
: Columns: 3

We can extract the numeric value of the Row subset: [all 7]
n_th ﬂag by Concatenatlng parselnt and Activation Action: (no action) [ ] Broadcast Row
substring functions: =

. - 57/ 3970 M | Messages: | O | Clients: |@ &g“ﬁ} | §
parselnt( substring( flags_gspspec,0,1)) .
 ormmecwms 500

Window Columns Display Help

nth e G 5] X

Table Columns for 2: Flags-result.fits.gz
(n+1)-th s g . -
& Index | Visible Name Class Expression Description
1 1 v] source id Long Source ldentifier =
2 2 v flags_gspspec | String Catalogue flags for GSP-Spec Matisse[=|
3 3 v vbroadT flag Integer | parselnt( substring( flags_gsps... -
4] I | [¥]
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High quality spectra and fitting

Continuous observations for 3 years, no atmosphere, control of
systematics, ... Gaia is not a ground-based survey!
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lonized iron line
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Recio-Blanco et al. Fig. 10. Comparison between iron abundances measured from the pro-
posed Fe 11 line at 858.79 nm and from all the other Fe 1 lines. The
(2022) Spearman correlation coefficient is equal to 0.82. See text for more de-
tails.




High quality spectra and fitting

Continuous observations for 3 years, no atmosphere, control of
systematics, ... Gaia is not a ground-based survey!
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Absorption from interstellar dust molecules (DIB) on an individual spectrum

basis
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SNR>150

High quality parameter flags
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Thick-thin disc dichotomy
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Observing metal poor stars
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Observing metal poor stars ([M/H]=-3.52 deXx)

. L0 < ~— -
s
=)
2
=06
g £
=) = |
= 04 Gaia DR3 6477205206414847232 3 | 5
o}
8346 847 848 =449 850 851 852 853 854 855 =506 85T 858
Vacuum Wavelength (nm)

1.0 A T —— v _r———
o8
=)
2
El | |
E 0.4 = | =
< 0. 2 @ E &

858 859 &60 #61 862 563 864 8265 866 867 868 869 870

Vacuum Wavelength (nm)




Topics

°Gaia RVS overview

°The GSP-Spec module

°The GSP-Spec output

-Some scientific applications
°Recommendations

“A scientific guide to Gaia Astrophysical Parameters” 23 March 2023



Scientific exploitation examples of GSP-Spec data

Many examples in the Performance Verification Paper Chemical
Cartography of the Milky Way (Gaia Collaboration, Recio-Blanco et al.
2022)
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Hot Turn Off sample
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Young population in the spiral arms
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Depletion consistent

with other HR
Chemical impoverishment ? surveys (APOGEE)
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Signhatures of the spiral arms in the

metallicity distribution
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Ridges in the Chemodynamical space (vel. profile)
Negative azimuth Positive azimuth
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Cerium abundances

o 0.751

iy APOGEE : Mean = -0.16, std = 0.25

I 0.50-

% Forshergl® : Mean = -0.0, std = 0.15

Y 0.251

Jul] AT (K]

R B IE M L BB e

o % 40.0 | -

@ ® 60.0 f @

= —0.25-

B ® 800

S % 1000 .

= —=0.501 ¥ 1200

% ® 1400

= _0.754 160.0

e 180.0 b 4 *

e 200.0 '

ﬁ—l.ﬂﬂ- 220.0 *
-1.4 -12 -10 -08 -06 -04 -0.2 00 0.2

[M/H] (dex) GSP — Spec Contursi et al. 2023




Ridges in the Chemodynamical space (actions)
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E vs Lz colorcoded with [M/H] E vs Lz colorcoded with [a/Fe]
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Topics

°Gaia RVS overview

°The GSP-Spec module

°The GSP-Spec output
°Some scientific applications
°Recommendations
°Conclusions
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Good practices

Calibration is mandatory: Always start with the calibrated values

Use the flags!

A good initial flag filtering is to keep the 13"
first flags equal to zero.

* Depending on the volume, quality and
application, relax this condition.

» Specific filtering suggestions were provided in
Recio-Blanco et al. (2022) for the Chem.
Abundances

You can (reasonably) apply your own bias correction when
comparing with other surveys.




Good practices

* Best quality sample: the 13" first flags equal to zero.

* Medium quality sample: Like the best quality sample but flags lower or
equal to one, except KMflag (still 0), fluxnoise flag (<4)

* More specific samples: Appendix B of “Chemical Cartography of the
Milky Way” (Gaia Collaboration, Recio-Blanco et al. 2022)




Conclusions

* Gaia DR3 GSP-Spec constitutes the largest all-sky chemical survey ever
(data for 5.6 million sources).

* Itis the first based on satellite observations.

* It provides very competitive results compared to other large spectroscopic
surveys, although calibration and filtering may be required.

* Calibration is mandatory. Flags must be used (Gaia archieve, python or
topcat, but use them!)

* A wide variety of scientific results has already been discovered using the
GSP-Spec catalog (Spiral structure, accreted systems, chemical evolution,
chemodynamic relations...)
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