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Abstract. From the spatial distribution of elements in galaxies, it is possible to pinpoint the physical
processes that govern galaxy formation and evolution. In my first paper [Barbillon et al.| (2025), using the
General Stellar Parametrizer from Spectroscopy (GSP-spec) data from the Radial Velocity Spectrographe
(RVS) of Gaia released in the last DR3, we aim at understanding the impact of the spiral arms structure
on Galactic chemical evolution, detecting their signatures in other stellar abundances than metallicity, like
calcium and magnesium. More generally, we explored radial and azimuthal chemical variations in the disc.

In a circle of 4 kpc diameter around the Sun, we have produced 2D chemical abundance maps in the
Galactic disc for two a-elements and for different samples of young and old giant stars. These maps, based
on the [Ca/Fe] and [Mg/Fe] abundances, show evidence of considerable radial and azimuthal inhomo-
geneities, which are accompanied by metallicity fluctuations (Poggio et al.[[2022)). Moreover, the observed
inhomogeneities in a-abundances at once for young and old populations, are spatially coherent with the
literature contours of the spiral arms (Poggio et al.|2021} [Palicio et al.|2023)). Our understanding of the disc
chemical trends is changing from a simplistic 1D radial view to a more complete 2D perspective combining
radial trends, azimuthal tendencies, and small-scale variations. In the global picture that is emerging, the
stars within the spiral arms are globally 1) more metal-rich and calcium-rich, 2) more [Ca/Fe]-poor and
[Mg/Fe]-poor, than the stars in the inter-arms regions. This work can be interpreted in the light of the 2D
chemical evolution model of [Spitoni et al.| (2023]), and extend to zoom-in (Dubois et al.[|2021) or idealised
galaxies simulations (Tepper-Garcia et al.|2024) where we are crossing simulations and observational data
in order to refine our understanding of the spiral arm structures and the way to study them. Using different
methods, we can trace the spiral arms signatures in simulations and track the evolution of the spiral arms
stars. Over several Gyrs, between 10 and 20% of the stars born in the spiral arms are still present. It
calls into question the age of the stellar populations with which we could study spiral arms and confirm the
abundances Gaia observations.
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SPIRAL ARMS WITH GAIA

The distribution of chemical elements in the Galactic disc
can reveal fundamental clues on the physical processes
that led to the current configuration of our Milky Way.
Taking advantage of the Gaia Data Release 3, we aim at
understanding the impact of the spiral arms structure on
Galactic chemical evolution, detecting their signatures in
other stellar than global icity, like
calcium. We selected young giant stars to represent a
large volume of the disc.
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In Barbillon+2025, we have used stellar almosphenc

parameters from GSP-spec module (Recio-
Blanco+2023), applying quality flags and robust

statistical analysis due to high-quality chemical - -2 s k" 2 4 -

measurements, and callbra(lng abundances as a 'LII’\»CN}OI'] Fig 1: [CalFe] abundances "“;; "0! our young giant sample. Black contours Fig 2: Same as figure 1 "I‘)ul 'showing the [Ca/Fe] excess map and overplotting |m=skz| different azimuthal angles. Left

of Ter. 11187 stars were selected characterising | |indicate the position of the spiral arms from UMS stars (Poggio+2021). The panel corresponds to our young sample. Right panel corresponds to our old sample. In this case, black contours

preferentially Blue Loop stars and constitutes our main black cross is the sun position, the Galactic centre is to the right. indicate the position of the spiral arms from old giant populations (P: M

data base. We estimated the age of the sample thanks to = Both for old and young i the inhomc in \ces are spatially

isochrones coming from BaSTI models. It leads to an - C radial and azil ities in with the respective overdensity contours.

approximate age range between 30 and 130 Myr. [CalFe], similar to metallicity maps (Poggio+2022, = Globally, stars within the spiral arms are:

Moreover, similar maps and results were obtained for a Barbillon+2025). = More calcium-rich (metal-rich) than the stars in the inter-arms regions.

sample of old glants stars older than 2 Gyr. = More [Ca/Fe]-poor than the stars in the inter-arms regions.

SPIRAL ARMS WITH MODELS SPIRAL ARMS WITH SIMULATIONS IN MILKY WAY LIKE GALAXY
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An important parameter is the time that a given region of the
disc is affected by the spiral arms perturbations
depending on their total life time and pattern speed.
Performing azimuthal variations in abundances by
assuming a spiral arms co-rotation at all radii for 1, 3 and 5
Gyr with the 2D chemical evolution model (Spitoni+2023):
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Fig 5: XY projection of the density contrast distribution of the simulated galaxy. The first panel shows
the entire dataset, while the other panels show the density contrast per age stars bin. Density contrast
for 3.5<R<10 kpc of the older age bin is 12%, compared to 71% for the younger one. Only the density
contrast method s illustrating in this poster.

Fig 4: Example of minimalist galaxy models with gas from Nexus simulations. Top: Evolution of
the stellar disc along three different (orthogonal) projections. Bottom: Evolution of the gas disc.
We used simple N-body, hydrodynamical galaxy models consisting of 3
collisionless components: dark matter host halo, stellar bulge, stellar

= Estimating the density contrast via azimuthal reshuffling, we reveal spiral arm
structures in the simulated galaxy:
® Patterns are clearer for younger stars but still present in older ones.

= Only models with a co-rotation of 3, 5 Gyr show a
[CalFe] deficiency corresponding to the [Ca/H] excess.

= Shows the importance to use individual chemical disc, and a gas component with a gas disc (Tepper-Garcia+2024). ®Tracking stars over time, 10-20% stars formed in the arms remain for several Gyr.
diagnostics as tracers of the spiral arms, offering The studied galaxy is an analogous of the Milky Way: - Obse:vfhonal d!z:‘ta :ndh swmulam::s ‘c:II into Iquestmv(\; the ag;l of ltr:;z slellta':
new constraints on their duration. = Total mass = 1.49x102 Mo, populations with which we could study spiral arms. Comparable studies wi
 Simulation time = 4.9 Gyr, including a Sagittarius impact at the beginning other are results etal. in prep).

Fig. 1. Poster of my work about spiral arms in the Milky Way through Gaia observations and different simulations.

Thank you to the organizers of the SF2A 2025!
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