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Figure 18. The components in chemical space. Each row shows
the structure of the component listed on the right-hand edge.
Contours show the density of stars of the given chemistry while
colours show, from left to right, the mean values of Jj, J. and
J. The numbers in brackets give the values in kpckms™! corre-
sponding to red and blue hues. The density increases by a factor

2 between adjacent contours.
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Figure 15. The chemical composition of stars that lie in 10 cells in action space. The left column is for cells with J, €
(—200,200) kpckms~! and J, in intervals that increase from bottom to top; specifically (0,20), (25,55), (60,90), (95,125) and
(130, 160) kpckm s 1. The right column is for Jg € (300,700) kpc km s~! and the same intervals in J,. Within each column the right
panels show the distribution of real stars, while the left panels show mock stars.
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Figure 16. The same as Fig. 15 but for J; € (800, 1200) kpckms™! (left column) Jy € (1300, 1700) kpc kms™! (right column).
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Figure 18. The components in chemical space. Each row shows
the structure of the component listed on the right-hand edge.
Contours show the density of stars of the given chemistry while
colours show, from left to right, the mean values of J4, J, and
Jr-. The numbers in brackets give the values in kpckms™! corre-
sponding to red and blue hues. The density increases by a factor

2 between adjacent contours.
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ABSTRACT

A chemodynamical model of our galaxy is fitted to data from DR17 of the APOGEE
survey supplemented with data from the StarHorse catalogue and gaia DR3. Dynam-
ically, the model is defined by action-based distribution functions for dark matter and
six stellar components plus a gas disc. The gravitational potential jointly generated by
the model’s components is used to examine the galaxy’s chemical composition within
action space. The observational data probably cover all parts of action space that
are populated by stars. The overwhelming majority of stars have angular momentum
Jy > 0 implying that they were born in the Galactic disc. High-a stars dominate
in a region that is sharply bounded by Jys < Jg(solar). Chemically the model is de-
fined by giving each stellar component a Gaussian distribution in ([Fe/H]|,[Mg/Fe])
space about a mean that is a linear function of the actions. The model’s 47 dynamical
and 70 chemical parameters are chosen to maximise the likelihood of the data given
the model in 72 three-dimensional velocity spaces and 30 two-dimensional chemical
spaces. The circular speed falls steadily from 237kms™ ' at R = 4kpc to 218kms™*
at R = 20 kpc. Dark matter contributes half the radial force on the Sun and has local
density 0.011 My pc?, there being 24.5 M pc™? in dark matter and 26.5 Mg pc™? in
stars within 1.1 kpc of the plane.

Key words: Galaxies, stars: kinematics and dynamics — star, Galaxy: abundances
— The Galaxy, Galaxy: disc — The Galaxy, Galaxy: fundamental parameters — The
Galaxy, Galaxy: structure

We started this work in the hope that it would prove
possible to model the chemical structure of action space sat-
isfactorily by assigning a simple chemical pdf to each stellar
component. To an extent the quality of the fits displayed
by Figs 15 to 19 dashes this hope. Eleven parameters are
required to specify the pdf of each component and yet the
model fails to capture some significant aspects of the data.
Complete success in our endeavour would have vindicated
the reality of the components that we represent with indi-
vidual DFs. The limited success actually achieved leaves the
reality of the standard components open to doubt.



