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Parametrizer - spectroscopy





Gaia/RVS: a space spectroscopic survey  

RVS
Resolving power: 

11 500   

Wavelength domain:
846 - 870 nm

Crédits: ESA/Gaia/DPAC, S. Jordan et al.
Gaia Collaboration, Recio-Blanco et al. (2022)



(and you maybe did not realize it) 



RVS spectroscopy adds to Gaia's astrometric classical approach, a
physical approach of modern astrophysics

(spectral fidelity + homogeneous treatment): 
RVS allows a stellar parametrization of quality comparable to ground-
based data of higher resolution/spectral coverage:
ex. high precision params., heavy elements, thin/thick disc chemical separation power, ... 

Medium resolution spectroscopy coupled to high nb statistics increases
dimensionality of parameter space to unprecedented levels
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Gaia/RVS: a space spectroscopic survey  

Credits:ESA/GAIA/DPAC-CU8-CU6 Recio-Blanco and the GSPspec team

CU8/GSPspec: The chemical composition of 5.6 million stars



A star's life cyle

Galactic alchemists
Different nucleosynthetic channels 



.6 milion stars with chemo-physical parameters
Recio-Blanco et al. 2022

Gaia Collaboration, Recio-Blanco et al. 2022





Related Gaia DR3 Papers 

• Recio-Blanco et al. 2023

• Gaia Collaboration, Recio-Blanco et al. 2023



Related Gaia DR3 Papers 

• Recio-Blanco et al. 2023



Quality flags and offset corrections (c.f tables 2-4)

To be used and adapted to your scientific goal

• Recio-Blanco et al. 2023



Spectral analysis 
methodology, tips and 
examples of usage

• Recio-Blanco et al. 2023



Related Gaia DR3 Papers 

• Gaia Collaboration, Recio-Blanco et al. 2023

Performance verification on Galactic physics
Selection function illustration



Vertical and radial cartography of [alpha/Fe] vs. [M/H] 
colour coded with Galactic azimuthal velocity

Thin disc stars are 
found at 3 kpc from 
the plane in
the outer regions ! 

Galactic disc: structure and chemical gradients



★
Z 

VZ

Chemical markers of disc perturbations:
kinematics and phase spiral as a function of R

Crédits: ESA/Gaia/DPAC

Vz (km/s)               Vz (km/s)                 Vz (km/s)

Crédits: Gaia Collaboration, Recio-Blanco et al. (2022)
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Correlation of thin disc phase spiral with
metallicity excess detected for the first 
time

Wave-like perturbation (Antoja et al. 2018):
- disc-crossing satellite (Binney & Schoenrich

2018, Bland-Hawthorn et al. 2019)
- bar's buckling (Koperskov et al. 2019)



Crédits:A. Recio-Blanco & P.A. Palicio Lz (L0)

JR
  (
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) 

JR
  (

J0
) 

Gaia Collaboration, Recio-Blanco et al. (2022)

Chemical markers of disc perturbations:
orbital space 
Ridges of higher stellar density: 
• orbits closer to the plane 
• metallicities higher than surrounding

median values. 



Documentation and webinars 

• Gaia Coordination Unit 8, webinars: GSPspec by Pedro A. Palicio
• Gaia DR3 documentation, chapter 11 Astrophysical Parameters, Ulla et al. (2022)



RVS spectroscopy adds to Gaia's astrometric classical approach, a
physical approach of modern astrophysics



Vincent Van Gogh 
(1888)



Vincent Van Gogh 
(1888)

DSS image



Henry Drapper Memorial work at 
the Harvard of Observatory (1889)

Vincent Van Gogh 
(1888)

DSS image



Vincent Van Gogh 
(1888)

13 Boo
Gaia DR3 1511173389717021312

Gaia GSPspec
Teff = 3760K 
log g = 0.41 cm/s2
[M/H] = -0.66 dex
[alpha/Fe] = 0.14 dex
[Ca/Fe] = 0.19 dex
[Nd/Fe] = 0.59 dex
[Cr/Fe] = 0.3 dex
[Ce/Fe] = 0.34 dex

All sky spectroscopic survey with
high number statistics

Gaia GSPspec data everywhere!



Chemical composition of mater
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A. Recio-Blanco



Medium resolution spectroscopy coupled to high nb statistics increases
dimensionality of parameter space to unprecedented levels



Crédits: ESA/Gaia/DPAC, S. Jordan et al.
Gaia Collaboration, Recio-Blanco et al. (2022)

5.6 million parametrized stars means exploring the queue of the distributions

S-type, R-type, C-type stars
Blue Loop, RC, tip RGB stars
heavy-element enhanced stars
extremely metal-poor stars
accreted stars
exoplanet hosts
variables
binaries (non spectroscopic)
thin disc stars at 4 kpc from the Galactic plane
... and probably your favourite targets at G<14 mag



(spectral fidelity + homogeneous treatment): 
RVS allows a stellar parametrization of quality comparable to ground-
based data of higher resolution/spectral coverage



Recio-Blanco et al. 2023

=Gaia/RVS is SPACE spectroscopy ground based spectroscopy



Flat [Ce/Fe] radial gradient and positive vertical gradient
Slightly possitive [Ce/Ca] trend vs. [Ca/H] -> AGB stars are the main 
responsibles for Cerium abundances in the disc.

Zm
ax

(K
pc

) 

Heavy elements: Cerium
Contursi et al. (2022)



Heavy elements: Neodymium Contursi et al. (2023)

AGB production of s-process elements:
Higher Ce and Nd abundances for more evolved AGB stars of similar metallicity.



Poggio et al. (2022)

High enough precision 
and nb statistics to 
select stars in different 
age bins.

Chemical signature of 
the Spiral Arms



Barbillon et al. (2023, in prep.)

Metallicity signatures both in the young
(Poggio et al. 2023) in the old population 
(Barbillon et al., in prep.)

The spiral arms signature is visible in the 
relative abundance of ⍺-elements with
respect to iron.

Age<1Gyr Age>1Gyr

Precise ⍺-element abundances



Spitoni et al., 2023

2D Chemical evolution models predict the spiral arms chemical signatures 



Zoom-in cosmological simulations (New Horizons) Peirani et al., in prep.

Spiral structure detected in several galaxies for stars as old as 6 Gyr



Recio-Blanco et al. 2023, to be submited
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Recio-Blanco et al. 2023, to be submited



Recio-Blanco et al. 2023, 
to be submited



Recio-Blanco et al. 2023, 
to be submited
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This is supported by:

• Chemical evolution models: 
Prantzos et al. 2023, Spitoni et al. 2023

• Observations by different spectroscopic surveys:
Gaia-ESO Survey (Mikolaitis et al. 2014)
AMBRE project (de Laverny et al. 2012, Prantzos et al. 2023)
APOGEE data (Abdurro'uf et al. 2022)
....



Warning for data driven parametrization methods applied
to RVS spectra, but trained on a different catalogue

If the method loosely separates thin/thick discs using CaT lines
=> it is probably not estimating [Ca/Fe] abundances from the RVS
data, but just producing a potential [Mg/Fe] abundance assuming
the underlying Ca-Mg relation in the training set.



The GSPspec  𝜶 diagnostic is dominated by 
the calcium lines  

In GSPspec [𝜶/Fe] = [Ca/Fe]



Gaia/GSPspec + Kepler (colour code on Delta π & metallicity)



Conclusions
• The Gaia future is bright: 

o only ¼ of the data analysed in DR3!
o RVS data SNR increasing

• Much larger chemo-dynamical catalogues to come:
o 5.6 million stars with chemo-physical parameters in DR3 (2022)
o ~  35 million stars in DR4 (end 2025)
o ~100 million stars in DR5 (2030)

• Gaia RVS offers high precision parametrization
Quality comparable to ground-based data of higher resolution/spectral
coverage and much higher number statistics





Gaia/RVS: a space spectroscopic survey  

CU8/GSPspec: The chemical composition of 5.6 million stars

Creevey et al. (2022)

Apsis DPAC/CU8 pipeline

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 DPAC/CU6 
(Katz et al. 2022)



Gaia/RVS: high precision Kiel diagrams 

SNR>150
High quality parameter flags 

Recio-Blanco et al. (2022)



Gaia/RVS: a space spectroscopic survey  

Absorption from interstellar dust molecules (DIB) on an individual spectrum basis

High quality spectra: continuous observations for 3 years, no atmosphere, 
control of systematics, ... Gaia is not a ground-based survey! 

EWDIB= 0.0244 nm                p1= 862.309 nm

Recio-Blanco et al. (2022) No Teff-absorption denegeneracy

Giant stars



Gaia/RVS: a space spectroscopic survey  

CU8/GSPspec: Comparison with ground-based surveys

General very  good agreement

The extreme homogeneity of Gaia 
RVS/GSPspec highlights literature 
inhomogeneity (in methods, models, 
reference data, uncertainty 
definitions, selection functions...) 



Gaia/RVS: a space spectroscopic survey  

CU8/GSPspec: Comparison with ground-based surveys

Recio-Blanco et al. (2022) Contursi et al. (2022)

[Ca/Fe] [Ce/Fe]

APOGEE: Mean=-0.16 dex
std=0.25 dex

Forsberg et al.: Mean=0.0 dex
std=0.15 dex

[Ca/Fe]spec – [Ca/Fe]APOGEE



★
Z 

VZ

Chemical markers of disc perturbations:
kinematics and phase spiral as a function of R

Crédits: ESA/Gaia/DPAC
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★

Young stellar populations in the spiral arms
Galactic disc: a young chemically impoverished population?

Chemical impoverishment ?

Depletion 
consistent with 
other HR surveys 
(APOGEE)

Spitoni, ARB et al. (2022)

Gaia Coll., ARB et al. (2022)



Recent infall of gas related to thin disc star formation 
history and chemically depleted young populations 

Spitoni et al. models
Galaxy formed by separated accretion episodes, 
modelled by decaying exponential infalls of gas. 

Spitoni, ARB et al. (2022)

Galactic disc: a young chemically impoverished population?



Galactic disc: an analytical chemical model including Type Ia SN

Palicio et al. (to be submitted)

Chemical evolution model integrated by extending the instantaneous recycling
approximation with the contribution of Type Ia SNe

Extra term in the modelling
depending
on the Delay Time 
Distribution (DTD). 

Four different DTDs are 
considered, either
analyticaly or as a 
superposition of Gaussian, 
exponential and 1/t
functions using a restricted
least-squares fit.



Galactic disc: an analytical chemical model including Type Ia SN

Palicio et al. to be submitted

Used to model the chemical evolution of the GALACTICA Milky Way-like simulated galaxy
(Park et al. 2021) from its star formation history. 

Extracted from a zoom-in hydrodynamical
simulation in a cosmological context (S. Peirani)
spatial resolution and sub-grid models as in 
NewHorizon simulation as in Dubois et al. 2021. 



Chemo-dynamics with individual
element abundances

[Ca/Fe]

[Ti/Fe]

[N/Fe]

[Mg/Fe]

[Si/Fe]

Gaia collaboration, ARB et al. (2022)


