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Figure 2.  One of our model stellar halos shown in all-sky projection within

bins of 15 kpc stepping out in galactocentric radius. Each point represents a

tracer star of one per 500 L, in total V-band luminosity. The gray-scale code

(shown at the top) represents the time the particle became unbound from

its original satellite. Bound particles and recent disruptions are white. The

boxes signify bound systems at z = (0. Substructure is apparent in this color 2
space, which may provide a reasonable tracer of how chemically evolved the

stars should be.
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Figure 2.  One of our model stellar halos shown in all-sky projection within
bins of 15 kpc stepping out in galactocentric radius. Each point represents a
tracer star of one per 500 L, in total V-band luminosity. The gray-scale code
(shown at the top) represents the time the particle became unbound from
its original satellite. Bound particles and recent disruptions are white. The
boxes signify bound systems at z = (0. Substructure is apparent in this color
space, which may provide a reasonable tracer of how chemically evolved the
stars should be.
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Fig. 1. Numerical models of a 10° M., dwarf galaxy (top) and a 10* M.. globular cluster (bottom) tidally dissolving on the same orbit in a Milky Way-like gravitational potential
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Gaila measures 2021

Theory 2004

Only spatlally coherent structures
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Theory: completely disrupted
satellites
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Theory: completely disrupted Gaia measurements 2023:
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Theory: completely disrupted Gaia measurements 2023:
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Contamination! Different portions of the same relic identified as two
separate entities (Thomas et al. 2025 arXiv:2504.10398).
Much work to be done to get a clear map. 8



https://ui.adsabs.harvard.edu/link_gateway/2025arXiv250410398T/arxiv:2504.10398
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The merger that led to the formation of the Milky Way’s
inner stellar halo and thick disk
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T ‘our Galaxy can b using th and chemistry of

individual stars'2. Chemo-dynamical studies of the stellar halo near the Sun have indicated ABSTRACT
P ipl 3, such * and clumps®, as well as correlations Using a large sample of main sequence stars with 7D measurements supplied by Gaia and
d orbital -8, Recently, analyses of two SDSS, we study the kinematic properties of the local (within ~10 kpc from the Sun) stellar halo.
ly proper pc
larg urveys™° revealed fawell 1 | We demonstrate that the halo’s velocity ellipsoid evolves strongly with metallicity. At the low- 0 I
sequence’, ewo distinct sequences i the colour-magnitude diagrami2and a prominent, (Fe/H] end, the orbital anisotropy (the amount of motion in the radial direction compared with
slightly i 1314 the halo near the Sun, which may trace an the tangential one) is mildly radial, with 0.2 <g < 0.4. For s[afs .wn.h [Fe/H] > o 1.7, however,
importantaccretion event expérienced by the Galaxy, However, thelink becween these we measure extreme values of S~ 0.9. Across the metallicity range considered, namely
; o A : ~3 < [Fe/H] < —1, the stellar halo’s spin is minimal, at the level of 20 < 75(kms™") < 30.
observations and their implications for Galactic history is not well understood. Here we Using a suite of ical Zoom-in 8 . of halo we deduce that the
report an analysis of the kit chemistry, age and i of stars that are observed acute ani is i with the i accretion of dwarf satellites.
mainly linked to two major Galactic components: the thick disk and the stellar halo. We Instead, we argue, the stellar debris in the inner halo was deposited in a major accretion event
that theinner halo i by debri anobject that atinfall was by a satellite with M,;, > 10'°M¢, around the epoch of the Galactic disc formation, between E

slightly more massive than the Small Magellanic Cloud, and which we refer to as Gaia-

8and 11 Gyr ago. The radical halo anisotropy is the result of the dramatic radialization of the

massive progenitor’s orbit, amplified by the action of the growing disc. Eu
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T our Galaxy can be using ions and chemistry of *

individual stars'2. Chemo-dynamical studies of the stellar halo near the Sun have indicated

High-precision all-
sky photometry
1s a key feature

the pu.scnceolmulnple components?, such as streams* and clumps?, as well as correlations

d orbital -8, Recently, analyses of two

larg urveys™'° revealed f a well populated elemental

sequence’™, two distinct sequences in the colour-magnitude diagram'? and a prominent,

slightly K 1314 in the halo near the Sun, which may trace an
important accretion event experienced by the Galaxys. However, the link between these
observations and their implications for Galactic history is not well understood. Here we
report an analysis of the kinematics, chemistry, age and spati i of stars that are

mainly linked to two major Galactic components: the thick disk and the stellar halo. We
demonstrate that the inner halo is dominated by debris from an object that at infall was
slightly more massive than the Small Magellanic Cloud, and which we refer to as Gaia-

Enceladus. The stars that originate in Gaia-Enceladus cover nearly the full sky, and their
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Gaia DR3: not only astrometry and photometry in three broad bands (2 bn stars) and RV for 33 million
stars, but also spectrophotometry in the range 330 nm < A < 1100 nm with spectral resolution
25 2 MAA Z 80 for 220 million stars
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Do these spectra carry any info in addition to a broad spectral classification?
11



LXVI Congresso Nazionale della Societa Astronomica Italiana (SAlt): Dal Sistema Solare allUniverso profondo
Firenze, 3-6 Giugno 2025

Do these spectra carry any info in addition to a broad spectral classification?
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Many groups around the world have extracted astrophysical parameters and/or metallicity and/or [a/Fe]
ratios from these spectra using a variety of machine learning or classical approaches:

Andrae et al. 2023, Bellazzini et al. 2023, Hattori1 et al. 2024, Martin et 1. 2024, Huson et al 2025, Yang et
al. 2025

12



LXVI Congresso Nazionale della Societa Astronomica Italiana (SAlt): Dal Sistema Solare allUniverso profondo
Firenze, 3-6 Giugno 2025

Do these spectra carry any info in addition to a broad spectral classification?
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Then what we can do with the metallicity of million stars?

Look into the chemical composition of the relics of the MW hierarchical build-up!
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Then what we can do with the metallicity of million stars?
Trace the evolution of the MW as a disc galaxy
using metallicity as a marker of time!

protogalaxy old young
+ accreted disk disk

L,/L. | [Fe/H]

uone)oa SUISBI.IdUL

n

R L —10 ~05 0.0
ancient past [Fe/H] present

Chandra et al. 2024, ApJ, 972, 112

low-o

n=L,/L. | [Fe/H]
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Then what we can do with the metallicity of million stars?
Trace the evolution of the MW as a disc galaxy
using metallicity as a marker of time!

Unprecedented
view of the
evolution of our
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Then what we can do with very low R spectrophotometry of million stars?
All-sky flux-calibrated synthetic photometry :
calibrate your own survey / photometric system

4|+ GSPClbl > 577 3.TMstars The worldwide reference dataset
-2 : ek 3 ° ° ° 0 °
. for photometric calibration and validation
2
2 ! 7
8
10
12 A&A, 691, A42 (2024)
14 e https://doi.org/10.1051/0004-6361/202449575 m
14 TRGSPC(b] > +20°) s 0.6M | e Astrophysics
1% e
-0.5 0 0.5 1.0 -1 0 1 2 3 4 5 6
F625W — F675W (Bikc — zsss)o The red giant branch tip in the SDSS, PS1, JWST, NGRST, and
Euclid photometric systems
- Myarts Calibration in optical passbands using Gaia DR3 synthetic photometry
' inresdived M. Bellazzini* © and R. Pascale
. 20 galaxies
Only Gaia data here:

blue

Synthetic photometry = ** F

from XP spectra > *° 5
0.5 aso—— 1 8

metal rich
red giants

0
DB Blue MS,

BHB,BSS
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Then what we can do with very low R spectrophotometry of million stars?
All-sky flux-calibrated synthetic photometry :
calibrate your own survey / photometric system

—4| - GSPC(bl > 502 : 3.7Mstars The worldwide reference dataset
=2 o ° . . o
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2
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that would be worth reporting on...

There are tens of fascinating results, developments and follow-ups
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... but it is very important to me to convey a specific message

Gaia: the best is still to come!
Gaia Data Releases

DR l — September 2016 —_

DR2 | B Aprii2o18 ]
You are

here i |
TN s | ——

DR4 } -

DRS |- .

0 50 100
cumulated observing time [months]
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... but it is very important to me to convey a specific message

Gaia: the best is still to come!
Gaia Data Releases

DR1 | September 2016 —

DR2 | B apil2018 i

DR3 | I e 22 -
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... but it is very important to me to convey a specific message

Gaia: the best is still to come!

DR1
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DR3
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DR5

And the full power of

Gaia will become
available only in 2030
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Gaia productivity overwhelmes any other mission

Figure 4 Publications by year: selected space science missions
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Gaia Interim Impact Evaluation - UK Space Agency
Source: know.space analysis using NASA ADS and ESA-curated publication lists by mission
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Gaia yearly publication counts (in total 13965)
Updated 2025-03-26
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Figure 4 Publications by year: selected space science missions

N
o
o

o
>
>

=== Gaia Hubble Planck e=@==Herschel e=@==Cassini-Huygens

a Interim Impact Evaluation - UK Space

24



LXVI Congresso Nazionale della Societa Astronomica Italiana (SAlt): Dal Sistema Solare allUniverso profondo
Firenze, 3-6 Giugno 2025

And the best years are the forthcoming ones

Gaia yearly publication counts (in total 13965)
Updated 2025-03-26
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Figure 4 Publications by year: selected space science missions
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Thank you o5
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