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Galactic mass distribution: bulge/bar, stellar disk, gas disk, dark matter



LSR - local standard of rest

More generally, if the Galactic potential is not axis-symmetric
(e.g., because of the Galactic bar), then the LSR orbit is oval.

Velocities in these directions 
are also called U, V, W
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Local Galactic Coordinates

Cartesian coordinates centered on solar system

sun G.C.X

Y

X, Y, Z:
  X points towards the Galactic Center
  Y points in direction of the sun’s orbital motion
  Z is perpendicular to the Galactic Plane

U, V, W are velocities in these directions

~8 kpc

As opposed to Galactic Center.  Beware sign conventions



The residual solar motion wrt the average of local stars is 

Currently we are near 
the mid-plane

Some say V = 5 km/s,
 some say      15 km/s!

W⇥ = 7 km s�1

V� = 12 km s�1

Solar Motion

U� = 10 km s�1radial

azimuthal

vertical
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z ≈ 2πGΣz0

(Oort problem)



guiding center

Orbits of individual stars: the epicycle approximation
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along line of sight at Galactic longitude 𝓵
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Milky Way rotation curve

terminal velocities

range of measured 
terminal velocities

V = vt +⇥0 sin `

R = R0 sin `

Bar dominates inner radii - 

assumption of circular motion not valid

model extrapolation



gas

bulge-bar

stellar disk total baryons

total baryons

gas

stellar disk
bulge-bar

Surface density profile

Mass model

total baryons

dark matter

observed rotation

observed rotation Mass model with DM halo 

Total rotation decomposed  
into baryonic and  
dark components

⌃(R)
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The main uncertainty 
is the mass-to-light 
ratio of the stars.

from observed surface brightness profile



guiding center

Orbits of individual stars: the epicycle approximation



Orbits for 4 individual stars

from Eggen, Lynden-Bell, & Sandage (1962)
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�X > �Y > �Z
<latexit sha1_base64="T6ZfeRvycYN8aCTyHyP7li/r500=">AAAB/HicbVBdSwJBFL1rX2ZfWz0GMSRBT7JGUEGE0EuPBm1aKsvsOKuDsx/M3A1EpJf+Si9FT0W/ob/Qv2nUhVA7MHA45wz33uMnUmh0nB8rt7C4tLySXy2srW9sbtnbO3c6ThXjLotlrOo+1VyKiLsoUPJ6ojgNfclrfu9q5NceudIijm6xn/BWSDuRCASjaCTP3m9q0QmpVyeXJKP3f/TBs4tOyRmDzJNyRoqQoerZ3812zNKQR8gk1bpRdhJsDahCwSQfFpqp5gllPdrhg/H2Q3JopDYJYmVehGSsTuVoqHU/9E0ypNjVs95I/M9rpBictQYiSlLkEZsMClJJMCajKkhbKM5Q9g2hTAmzIWFdqihDU1jBnF6ePXSeuMel85Jzc1KsXGQd5GEPDuAIynAKFbiGKrjA4Ble4QM+rSfrxXqz3ifRnJX92YUpWF+/M3CTug==</latexit><latexit sha1_base64="T6ZfeRvycYN8aCTyHyP7li/r500=">AAAB/HicbVBdSwJBFL1rX2ZfWz0GMSRBT7JGUEGE0EuPBm1aKsvsOKuDsx/M3A1EpJf+Si9FT0W/ob/Qv2nUhVA7MHA45wz33uMnUmh0nB8rt7C4tLySXy2srW9sbtnbO3c6ThXjLotlrOo+1VyKiLsoUPJ6ojgNfclrfu9q5NceudIijm6xn/BWSDuRCASjaCTP3m9q0QmpVyeXJKP3f/TBs4tOyRmDzJNyRoqQoerZ3812zNKQR8gk1bpRdhJsDahCwSQfFpqp5gllPdrhg/H2Q3JopDYJYmVehGSsTuVoqHU/9E0ypNjVs95I/M9rpBictQYiSlLkEZsMClJJMCajKkhbKM5Q9g2hTAmzIWFdqihDU1jBnF6ePXSeuMel85Jzc1KsXGQd5GEPDuAIynAKFbiGKrjA4Ble4QM+rSfrxXqz3ifRnJX92YUpWF+/M3CTug==</latexit><latexit sha1_base64="T6ZfeRvycYN8aCTyHyP7li/r500=">AAAB/HicbVBdSwJBFL1rX2ZfWz0GMSRBT7JGUEGE0EuPBm1aKsvsOKuDsx/M3A1EpJf+Si9FT0W/ob/Qv2nUhVA7MHA45wz33uMnUmh0nB8rt7C4tLySXy2srW9sbtnbO3c6ThXjLotlrOo+1VyKiLsoUPJ6ojgNfclrfu9q5NceudIijm6xn/BWSDuRCASjaCTP3m9q0QmpVyeXJKP3f/TBs4tOyRmDzJNyRoqQoerZ3812zNKQR8gk1bpRdhJsDahCwSQfFpqp5gllPdrhg/H2Q3JopDYJYmVehGSsTuVoqHU/9E0ypNjVs95I/M9rpBictQYiSlLkEZsMClJJMCajKkhbKM5Q9g2hTAmzIWFdqihDU1jBnF6ePXSeuMel85Jzc1KsXGQd5GEPDuAIynAKFbiGKrjA4Ble4QM+rSfrxXqz3ifRnJX92YUpWF+/M3CTug==</latexit>

⌦ <  < ⌫Z
<latexit sha1_base64="/U+wxuiM/4nCipDcmSPVqYigxEQ=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRFChi4Ibd1YwttiUMJlO2qGTSZiZiKX0V9worhR/w1/wb5ym2bT1wMDhnDPce0+Ycqa04/xapZXVtfWN8mZla3tnd8/eP3hUSSYJ9UjCE9kOsaKcCepppjltp5LiOOS0FQ5vpn7rmUrFEvGgRyntxrgvWMQI1kYK7CP/LqZ9jOrIH+I0zYnIgqfArjo1JwdaJm5BqlCgGdg/fi8hWUyFJhwr1XGdVHfHWGpGOJ1U/EzRFJMh7tNxvvYEnRqph6JEmic0ytW5HI6VGsWhScZYD9SiNxX/8zqZjq66YybSTFNBZoOijCOdoGkHqMckJZqPDMFEMrMhIgMsMdGmqYo53V08dJl457XrmnN/UW3Uiw7KcAwncAYuXEIDbqEJHhCYwBt8wpf1Yr1a79bHLFqyij+HMAfr+w/KuJCn</latexit><latexit sha1_base64="/U+wxuiM/4nCipDcmSPVqYigxEQ=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRFChi4Ibd1YwttiUMJlO2qGTSZiZiKX0V9worhR/w1/wb5ym2bT1wMDhnDPce0+Ycqa04/xapZXVtfWN8mZla3tnd8/eP3hUSSYJ9UjCE9kOsaKcCepppjltp5LiOOS0FQ5vpn7rmUrFEvGgRyntxrgvWMQI1kYK7CP/LqZ9jOrIH+I0zYnIgqfArjo1JwdaJm5BqlCgGdg/fi8hWUyFJhwr1XGdVHfHWGpGOJ1U/EzRFJMh7tNxvvYEnRqph6JEmic0ytW5HI6VGsWhScZYD9SiNxX/8zqZjq66YybSTFNBZoOijCOdoGkHqMckJZqPDMFEMrMhIgMsMdGmqYo53V08dJl457XrmnN/UW3Uiw7KcAwncAYuXEIDbqEJHhCYwBt8wpf1Yr1a79bHLFqyij+HMAfr+w/KuJCn</latexit><latexit sha1_base64="/U+wxuiM/4nCipDcmSPVqYigxEQ=">AAAB9XicbVDLSsNAFL2pr1pfURcu3AwWwVVJRFChi4Ibd1YwttiUMJlO2qGTSZiZiKX0V9worhR/w1/wb5ym2bT1wMDhnDPce0+Ycqa04/xapZXVtfWN8mZla3tnd8/eP3hUSSYJ9UjCE9kOsaKcCepppjltp5LiOOS0FQ5vpn7rmUrFEvGgRyntxrgvWMQI1kYK7CP/LqZ9jOrIH+I0zYnIgqfArjo1JwdaJm5BqlCgGdg/fi8hWUyFJhwr1XGdVHfHWGpGOJ1U/EzRFJMh7tNxvvYEnRqph6JEmic0ytW5HI6VGsWhScZYD9SiNxX/8zqZjq66YybSTFNBZoOijCOdoGkHqMckJZqPDMFEMrMhIgMsMdGmqYo53V08dJl457XrmnN/UW3Uiw7KcAwncAYuXEIDbqEJHhCYwBt8wpf1Yr1a79bHLFqyij+HMAfr+w/KuJCn</latexit>

in general

and

which is to say, 

the orbital period around the Galaxy

is longer than the epicyclic period in

radial excursions is longer than the 

period of vertical oscillations.
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color (age proxy)

The velocity dispersions of stars tends to increases with age.

Circular motion gets deflected into random motion over time.
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Asymmetric drift - stars tend to lag circular speed as dispersion increases.

This is just conservation of energy: circular motion gets deflected into random motion over time.


