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Motivation
• The velocity distribution function (DF) of stars in the Galaxy -

uncovering the relationships between kinematics, metallicity and age
for disk and halo stars - dynamical history of stellar populations.
• Unbiased study of the Galactic velocity DFs — derived from Gaia

data— for the individual, chemically-separated stellar populations,
and to explore how these distributions change for different
Galactocentric radii and distances from the Galactic mid-plane.
• Built a kinematical data-driven model, that we then apply to the full

Gaia database to ascertain the contribution of the different Galactic
structural components to the velocity-space DF as a function of
Galactic cylindrical coordinates, R and z.



APOGEE - Gaia
• APOGEE and Gaia are outstanding data-sets. Congratulations to these 

teams for such an amazing work! 

It is not possible on the basis of kinematical data alone to
determine with reliability even the relative contributions of
the different populations to the net velocity DF on a
statistical basis. Figure shows that the velocity DF of the
different Galactic components clearly overlap, but also, that
individual abundances from high-resolution spectroscopy
surveys are a useful tool for apportioning stars to their
relative stellar populations.



Galactic thin disk



Galactic thick disk



[Fe/H] < -1.0 — Halo population



Disk(s) and halo Kinematical properties

The metal-weak thick disk has kinematic parameters are pretty close to the regular thick disk.



The VR – Vϕ plane
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Nearby halo — Gaia sausage/Enceladus/Enchilada

The sub-structure seen in the phase space for the thin
disk is not detected for the thick disk stellar density.

Variational Bayesian Gaussian mixture modeling of
the distribution of thin and thick disk stars in the υR –
υφ plane



Data-driven model 

We estimate that 81.9 ± 3.1 % of the
objects in the selected Gaia data-set are
thin disk, 16.5 ± 3.2 % are thick disk stars,
and 1.6 ± 0.1 % belong to the Milky Way
halo.

The spatial distributions for the two samples are
remarkably similar, despite the fact that the APOGEE
sample studied here is predominantly a survey
dominated by giant stars, whereas the larger Gaia
sample studied here is parallax-error-limited and
dominated by dwarf stars



The 3D velocity DF as a function of R and z
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The 3D velocity DF as a function of R and z

Halo — [Fe/H] < -1.0



Thick disk normalization – fp = (ρT/ρt)

ρT(R☉)/ρt(R☉) = 2.1 ± 0.2 %, a result consistent with, but determined in a completely different way 
than, typical starcount/density analyses.


