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TODAY
- Galactic Structure

- Oort Constants
- Terminal Velocities
- MW Potential from Satellites 
- Epicycle Approximation
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Galactic mass distribution: bulge/bar, stellar disk, gas disk, dark matter
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stellar disk

gas disk (HI + H2)

bulge/bar

Milky Way model illustrating baryonic mass components
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Maximum velocity at minimum radius
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
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The main uncertainty 
is the mass-to-light 
ratio of the stars.

from observed surface brightness profile



Rotation due to Milky Way dark matter halo

NFW model

pseudo-isothermal model



BHB stars provide population 
of approximate standard 
candles so distance can be 
estimated as well as velocity

The tangent point method only works inside the solar circle. 
Need to measure distances as well as velocities for R > R0.

One approach is to use Blue Horizontal Branch stars in the Galactic halo



BHBs

LMC

LMC MMW (< 50 kpc) = 5.5⇥ 1011 M�

other
satellites

other MMW (< 100 kpc) = 1.8⇥ 1012 M�

Leo I

Leo I MMW (< 263 kpc) = 2.5⇥ 1012 M�
The LMC may be a non-negligible perturbation to the outer halo, which may not remain spherical.
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sparsely sampled mass estimator

give or take a factor of 2 
depending on the orbital isotropy 
and the shape of the potential



guiding center

Orbits of individual stars: the epicycle approximation


