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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
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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 of the Milky Way is best described by two 
populations, one with shorter and one with longer 
scaleheights, dubbed the ‘thin’ and the ‘thick’ disc. 

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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The formation of the disc

VS.
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– Are the thin and thick disc in the Milky Way real, 
separated structural entities?

Consistent with models 
in which the thick disc 
is formed via an
external mechanism 
(accretion and/or mergers). 

 

The formation of the disc
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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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– Do thin and thick disc in the Milky Way  belong 
to the same structural entity?

Internal dynamical evolution 
(primarily in form of radial mixing) 
favours the scenario in which 
the thick disc is the evolutionary 
end point of an initially pure thin disc.
 

 

 

The formation of the disc
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Age gradient

– Thin disc stars have higher Galactic rotational  velocity 
compared to thick disc stars then referred to as kinematically hot. 

– In terms of kinematics, thin 
disc stars are cooler 
(i.e. with smaller vertical 
velocity with respect to 
the Galactic plane) 

 

 

Holmberg et al. (2007)
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Low rotational velocities 
imply higher velocity dispersion 
for thick disc stars, 
which then point to older ages, 
either born hot or heated up. 

 

 

Age gradient

The age–velocity dispersion relation has long been known to 
indicate the existence of a vertical age gradient.

Holmberg et al. (2007)



Back to lecture 2: Isochrones and ageBack to lecture 2: Isochrones and age

The brightness of 
the turn off 
depends from 
age.

The turn off is 
considered as a 
chronometer 
provided by 
stellar evolution.

The RGB is 
poorly sensitive 
to stellar age.



 Asteroseismology. 

The spaceborne mission Kepler/K2 allows us to robustly measure global 
oscillation frequencies in thousands of stars, in particular red giants,  
which in turn make it possible to determine fundamental physical   
quantities, including radii, distances and masses.
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– Launched 2009
– Search for habitable planets
– High-precision photometry to
detect planetary transits

– Secondary mission to monitor 
variability of over 100,000 stars
for asteroseismology.

 

 

Kepler Mission
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Detection of solarlike oscillations in relics of the 
Milky Way: asteroseismology of K giants in M4

Miglio et al. (2016)

Asteroseismic constraints on K giants make it possible to infer radii, 
masses and ages of tens of thousands of field stars.
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Detection of solarlike oscillations in relics of the 
Milky Way: asteroseismology of K giants in M4

Miglio et al. (2016)
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Detection of solarlike oscillations in relics of the 
Milky Way: asteroseismology of K giants in M4

http://bison.ph.bham.ac.uk/~miglioa/M4PR/M4_beta0.html
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Detection of solarlike oscillations in relics of the 
Milky Way: asteroseismology of K giants in M4

Miglio et al. (2016)

The offset with respect to independent masses is lower, or comparable 
with, the uncertainties on the average RGB mass (4 − 10%, depending on 

the combination of constraints used)



Stroemgren photometry 

Source M. Asplund
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This is possible thanks to the coupling of classical and seismic parameters 
that provide accurate effective temperatures, metallicities, distances, 
surface gravities, masses, and radii.

SAGA: Stroemgren survey for Asteroseismology 
and Galactic Archaeology.

Casagrande et al. (2014)

SAGA has the goal of transforming the Kepler field into a new benchmark for 
Galactic studies, similarly to the solar neighborhood.
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Measuring the  vertical age structure of the 
Galactic disc using asteroseismology and SAGA

Low-mass, i.e. old red giants dominate at increasing Galactic heights, 
whereas closer to the Galactic plane they exhibit a wide range of ages and 

metallicities.

Casagrande et al. (2016)
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Parametrizing the observations as a vertical gradient returns approximately 
4 Gyr/kpc for the disc.

The ages of stars show a smooth distribution over the last 10 Gyr.

Casagrande et al. (2016)

Measuring the  vertical age structure of the 
Galactic disc using asteroseismology and SAGA
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Evidence for a flat age–metallicity relation for disc. 

Results are consistent with a mostly quiescent evolution for the Milky Way 
disc since a redshift of about 2. 

stars.  

Measuring the  vertical age structure of the 
Galactic disc using asteroseismology and SAGA

Casagrande et al. (2016)
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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

stars.  

Radial age gradient in the Galactic thick disc

Martig et al. (2016)
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– The thick disc would be the evolutionary end point of an initially pure thin 
disc, without requiring a heating mechanism. Internal sources of dynamical 
disc-heating, e.g. from giant molecular clouds or clump-induced stellar 
scattering, may also contribute to thick disc formation. 

Although merger events can happen at early times, in this picture the 
formation of the Galaxy is mostly quiescent.

stars.  

Radial age gradient in the Galactic thick disc

Credit: I. Minchev
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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

Babusiaux et al. (2018)

VT<40 km/s 60<VT<150 km/s VT>200 km/s
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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)
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Gaia Enceladus
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 Enceladus

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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The Galactic disc

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). 

This means that they were born in a 
system with a lower star formation rate 
than the thick disk.

This implies a stellar mass for the 
progenitor system of ∼ 6 × 10^8 Msun.
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Gaia Enceladus

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 
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Gaia Enceladus

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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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
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The Galactic disc

Helmi et al. (2018)


