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Gaia & the Galactic Halo: 

a voyage into Galaxy formation from inside 
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Theory 2004
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Theory 2004

Actual extended tidal styreams

known at this epoch: <5
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Theory 2004
Gaia measures 2021

Only spatially coherent structures
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Theory 2004
Gaia measures 2024

Only spatially coherent structures
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Theory: completely disrupted

satellites
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Theory: completely disrupted

satellites

Gaia measurements 2023: 

candidate completely disrupted

satellites
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Theory: completely disrupted

satellites

Gaia measurements 2023: 

candidate completely disrupted

satellites

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.

https://ui.adsabs.harvard.edu/link_gateway/2025arXiv250410398T/arxiv:2504.10398
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Discovery that the local halo is dominated by the remnant of

a significant merger occurred ≈10 Gyr ago: GSE

Measurable effects on thick & thin disc properties
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Discovery that the local halo is dominated by the remnant of

a significant merger occurred ≈10 Gyr ago: GSE

Measurable effects on thick & thin disc properties

Not only 

astrometry. 

High-precision all-

sky photometry 

is a key feature 
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Observation by Gaia 
telescope + BP/RP 

spectrographs + 
internal calibration

Instrument model
External calibration 

process

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 ⪝ λ ⪝ 1100 nm with spectral resolution 

25 ⪝ λ/Δλ ⪝ 80 for 220 million stars

Do these spectra carry any info in addition to a broad spectral classification?
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Do these spectra carry any info in addition to a broad spectral classification?

Yes, they do!

Metallicity!

[⍺/Fe] ratios!

Many groups around the world have extracted astrophysical parameters and/or metallicity and/or [⍺/Fe] 

ratios from these spectra using a variety of machine learning or classical approaches:

Andrae et al. 2023, Bellazzini et al. 2023, Hattori et al. 2024, Martin et l. 2024, Huson et al 2025, Yang et 

al. 2025
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Do these spectra carry any info in addition to a broad spectral classification?

Yes, they do!

Metallicity!

[⍺/Fe] ratios!

Making Pristine

all-sky

with Gaia
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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!

Opening 

completely new 

dimensions!
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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!

ancient past present

in
c
rea

sin
g
 ro

ta
tio

n
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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!

Counterparts in numerical

Simulations: observations matches

Theoretical expectations

Unprecedented 

view of the 

evolution of our 

Galaxy!

ancient past present
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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 

Only Gaia data here:

Synthetic photometry 

from XP spectra

The worldwide reference dataset 

for photometric calibration and validation
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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 

Only Gaia data here:

Synthetic photometry 

from XP spectra

The worldwide reference dataset 

for photometric calibration and validation

Flying toward Mercury since October 2018

will reach its destination November 2026

DR3: XP spectra for 220 million stars

DR4: XP spectra for >2 billion stars
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There are tens of fascinating results, developments and follow-ups

that would be worth reporting on…

Metallicity maps of the Magellanic Clouds

MDF of disrupted GCs much

more metal-poor than that

of surviving ones

Elemental abundnces of stars in relics

and tidal streams

The tidal stream of Omega Cen plays peekaboo

across the MW disc: spotted out! Gravitational effect of the LMC 

on the morphology and kinematics 

of thin tidal streams: detected! 

See also Erkal et al. 2021, MNRAS, 506, 26:

we see the halo response to the incoming LMC
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… but it is very important to me to convey a specific message

Gaia: the best is still to come!

You are

here
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… but it is very important to me to convey a specific message

Gaia: the best is still to come!

Very soon

you will be

here
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… but it is very important to me to convey a specific message

Gaia: the best is still to come!

And the full power of 

Gaia will become 

available only in 2030

Doubling the 

amount of 

data at each 

release
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Gaia productivity overwhelmes any other mission
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And the best years are the forthcoming ones

Thank you
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