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– The stellar halo has a 
spheroidal distribution that 
envelops the disk and bulge;

– It reaches out to ~150 kpc. 
It contains old, Population 
II stars. 

It is composed of a inner halo 
that may have formed in situ 
during the evolution of the Milky 
Way ([Fe/H]~-1.6). 

A more-diffuse outer halo that 
originated from past accretion and 
tidal disruption of dwarf galaxies 
([Fe/H]~-2.2).

 

The Milky Way
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– The disc contains a substantial fraction of the barionic 
mass of the Milky Way.
– Much of the evolutionary activity in the Galaxy takes 
place in the disk. 

 

The Galactic disc



 

– the disc of various galaxies are best described by two 
populations, one with shorter and one with longer 
scaleheights, dubbed the ‘thin’ and the ‘thick’ discs. 

This double-disc behaviour is also inferred 
from observations of edge-on galaxies

 

Thin and thick disc

Thin disk Thick disk

The Milky-Way analogous NGC891, source: I. Minchhev
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Thin and thick disc
The Milky-Way analogous NGC891, Rejkuba et al. (2009)
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The red colors of thick discs have led to the tentative 
conclusion that they are made of uniformly old stellar populations.

But the age-metallicity degeneracy of broad-band colors prevents 
from strong conclusion.



The Galactic disc

Weinberg et al. (2018)

thick disc

thin disc

Thin disc stars are observed to be on average more metal-
rich and less alpha-enhanced than thick disc stars
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– In galaxies where old stars are centrally concentrated, thick disks are 
radially extended. 

– Younger stellar populations flare in the disks’ outer regions, bringing 
those stars high above the midplane. The resulting geometrically thick 
disks therefore show a radial age gradient, from old in their central 
regions to younger in their outskirts

.  

Radial age gradient in the Galactic thick disc

Martig et al. (2016)



Gaia view of the Milky Way 
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GaiaEnceladus 
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Gaia EnceladusSousage  



Gaia 

Babusiaux et al. (2018)

CMD of 
~66,000,000 stars 
from  Gaia DR2. 
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Gaia

CMD of stars with
E(B-V)<0.015

Babusiaux et al. (2018)
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Gaia and the structure of the Milky Way

Babusiaux et al. (2018)

VT>200 km/s

Gaia DR2 reveals 
two distinct 

sequences in the 
CMD of halo stars.
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Gaia and the structure of the Milky Way

Babusiaux et al. (2018)

Age and metallicity of the 
halo components:

[M/H] = −1.3, age= 13 Gyr 
(blue), 

[M/H] = −0.5, age = 11 Gyr 
(magenta)



Gaia EnceladusSousage
Helmi et al. (2018)

A significant fraction of the halo stars near the Sun are associated 
with a single large kinematic structure that has slightly 

retrograde mean motion and which dominates the CMD blue 
sequence revealed in the Gaia data.
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Gaia EnceladusSousage

Helmi et al. (2018)

OBSERVED SIMULATED

 Strong similarity between the observations and the simulation of the 
formation of a thick disk via a 20% mass-ratio merger. 

The retrograde structure could be largely made up of stars originating in an 
external galaxy that merged with the Milky Way in the past.
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Gaia EnceladusSousage

Helmi et al. (2018)

– Nearby Gaia-Enceladus stars (with parallaxes > 0.25 mas, darker points) are 
distributed over the entire sky. 

– More distant stars are preferentially found in specific regions of the sky.

– Thirteen GCs can be associated with Gaia Enceladus based on their angular 
momentum 



Gaia EnceladusSousage

GAIA DR2 detected a large-scale gradient in the radial velocity across the full sky. 

Such a coherent pattern can only be obtained if stars are moving in the same 
(retrograde) direction on elongated orbits.

Helmi et al. (2018)
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thick disc

thin disc

The Milky Way has a ‘double’ disc, whose components have 
distinct chemical composition, ages and kinematics 
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The Galactic disc VS. GaiaEnceladus



The Galactic disc VS. GaiaEnceladus

Helmi et al. (2018)

The large metallicity spread of 
the retrograde structure stars, 
implies that they did not form 
in a single burst in a low mass 
system.

The more metal-rich stars have 
lower [α/Fe] at the characteristic 
metallicity of the thick disk 
([Fe/H]∼ −0.6). Hence, they were 
born in a system with a lower 
star formation rate than the 
thick disk.
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Based on appropriate chemical-evolution models, the stellar mass for the 
progenitor system is ∼ 6 × 10^8 Msun.

Gaia EnceladusSousage

Helmi (2020)
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Ages of halo and thick disc stars

Gallart et al. (2019)
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Gallart et al. (2019)

The age distributions 
suggest that the stars in 
the blue and red 
sequences of the halo 
CMD are equally old, 
and older than the bulk 
of thick disc stars.

Ages of halo and thick disc stars
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Gallart et al. (2019)

The red sequence would host ’in-
situ’ halo stars, formed within 
the seed progenitor of our Milky 
Way.

The in-situ halo is naturally 
more metal rich than the 
accreted halo population 
originating in the lower-mass 
galaxy Gaia-Enceladus whose 
stars form most of the blue 
sequence.

Metallicity of halo stars



The Galactic disc

Helmi et al. (2018)
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Sequoia

Myeong et al. (2019)
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Stellar mass 5x10^7 Msun

Total mass 10^10 Msun

The Sequoia galaxy is 
responsible for a major 
accretion episode, distinct 
from Gaia Enceladus.

The Sequoia event is 
responsible for the bulk of 
high-energy retrograde stars 
in the halo.



Streams and overdensities 
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Helmi (2020), 
Mateu et al. (2018)


